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ABSTRACT
Eoonomios d i c t a t e  t h a t  th e  p o u l t r y  n u t r i t i o n i s t  c o n t in u a l l y  
s t r i v e  to  in c r e a s e  th e  p r o d u c t i v i t y  p e r  pound o f  p o u l t r y  f e e d .  
Energy w is e ,  t h i s  i s  accom plished  by th e  in c o r p o r a t io n  o f  f a t s  
i n t o  th e  r a t i o n .  S e v e ra l  r e s e a r c h e r s  have r e c e n t ly  s tu d ie d  th e  
e f f e c t s  o f  higft l e v e ls  o f  added f a t s  as th e y  a f f e c t  f a t s  i n  th e  
egg y o lk .  L i t t l e  w ork , however, has been conducted  u s in g  low- 
f a t  d i e t s  to  s tudy  the  s y n th e s i s in g  a b i l i t i e s  o f  the  p ro d u c tiv e  
la y in g  hen  as e x p re ssed  b y  p ro d u c t io n  o f  egg y o lk  f a t s .  Work 
t h a t  has been conducted  u s u a l l y  in v o lv e d  hens a l r e a d y  i n  p ro ­
d u c t io n  on a  r e g u la r  r a t i o n  u s in g  s h o r t  f a t  d e p le t io n  fe e d in g  
p e r io d s ,  and e q u a l ly  s h o r t  ex p er im en ta l  fe e d in g  p e r iods*
I t  appeared  h ig h ly  d e s i r a b l e  to  s tu d y  th e  f a t  s y n th e s iz in g  
a b i l i t y  o f  th e  la y in g  hen t h a t  had been r a i s e d  on a r e l a t i v e l y  
l o w - f a t ,  d i e th y l  e t h e r  e x t r a o t e d ,  d i e t .  I n  a d d i t i o n ,  r e p r e s e n t ­
a t i v e  hens were s u r g i c a l l y  m o d if ied  t o  a l low  q u a n t i t a t i v e  o o l -  
l e o t i o n s  o f  f e c e s  and u r i n e .  F a t t y  a c id s  were e x t r a c te d  from a l l  
samples an a ly z e d  u s in g  an  a l c o h o l i c  KOH d i g e s t i o n .  F a t t y  a c id s  
th u s  o b ta in e d  were m e th y la ted  and ana lyzed  by g a s - l i q u id  chroma­
tography*
The lo w - fa t  d i e t  d id  no t e l i c i t  any m easurab le  d i f f e r e n c e s  
when compared w ith  a n  i s o o a l o r i c ,  i s o  n i t ro g en o u s  d i e t  c o n ta in in g  
t h r e e  p e ro e n t  added f a t  as  p e r ta in e d  to  d a te  o f  f i r s t  eggs l a i d ,
q u a n t i t y  o f  yolk  f a t s ,  f e r t i l i t y  and h a t c h a b i l i t y ,  growth r a t e  
f o r  dams o r  o f f s p r i n g ,  q u a n t i t y  o f  u r in a r y  f a t t y  ac id s  o r  t o t a l  
d ry  m a t te r  c o n te n t  o f  u r i n e .
The lo w - fa t  d i e t  when compared to th e  c o n t ro l  d i e t  d id  a f f e c t  
such f a c t o r s  a s :  t o t a l  h a tc h in g  t im e ,  in d iv id u a l  f a t t y  a c id
com position  o f  yolk f a t s ,  and com position  o f  u r in a r y  f a t t y  a c id s*  
The major d i f f e r e n c e  i n  th e  f a t t y  a c id  te m p la te  o f  th e  two groups 
o f  yo lk  f a t s  was t h a t  th e  lo w - f a t  d i e t  eggs con ta in ed  abou t s ix  
molar p e rc e n t  l i n o l e i c  a c id  an d  f i f t y - t w o  molar p e r c e n t  o l e i c  a c id  
w hereas the  c o n t ro l  eggs c o n ta in ed  ab o u t f i f t e e n  p e rc e n t  l i n o l e i c  
a c id  and f o r t y - f o u r  p e r c e n t  o l e i c  acid*  A h ig h e r  degree  o f  un­
s a t u r a t i o n  o f  t h e  f a t t y  a c id s  o f  the  egg yolk  was a s s o c ia t e d  w ith  
d ec re ase d  h a tc h in g  tim e as eggs from hens f e d  th e  lo w - fa t  d i e t s  
r e q u i r e d  ab o u t tw elve  hours lo n g e r  f o r  com plete  ha tch*
F a t t y  a c id s  i n  hen u r i n e ,  when hens were on a s te a d y  d i e t ,  
were r e l a t i v e l y  low i n  q u a n t i t y  ran g in g  from a t r a c e  to  20 mg* 
d a i ly  f o r  th e  th r e e  fe e d in g  regim es s tu d ie d  ( d i e t  f a t t y  a c id  
c o n te n t ,  d ry  w e ig h t b a s i s  o f  0 ,9 0 ,  4*36 and 9*3 p e r c e n t ) .  U rine 
e x c r e t io n  was h ig h ly  v a r i a b le  between hens ran g in g  from 100 to  
1000 grams d a i ly ;  u r in a r y  dry  m a t te r  ranged  from t h r e e  to  tw elve 
grams d a i ly  and was n o t  r e l a t e d  to t o t a l  volume o f  u r in e  ex cre ted*  
A marked one-day re sp o n se  was no ted  i n  u r i n a r y  f a t t y  a o id s  
from hens r a i s e d  on th e  l o w - f a t  d i e t  when t h e i r  d i e t  was e n r ic h e d  
by a d d i t i o n  o f  two p e rc e n t  l i n o l e i c  a c i d .  The tw e n ty -fo u r  hour 
p e r io d  fo l lo w in g  t h i s  enrichm ent saw th e  u r in a r y  f a t t y  a c id s  t r i p l e  
i n  q u a n t i ty *  The prim ary f a t t y  a c id  i n  t h i s  in c re a s e d  e x c r e t io n
v i i t
was l i n o l e i o  a c id .  F o llow in g  t h is  on e-d ay  r e sp o n se , q u a n tity  and 
q u a l i ty  o f  th e  u r in a r y  f a t t y  a c id s  retu rn ed  to  p rev iou s in d iv id u a l  
l e v e l s  even though the d ie ta r y  enrichm ent was con tin u ed *  This 
on e-d ay  resp on se  in d ic a te d  th a t  a sh o r t  a d a p tiv e  p e r io d  i s  n e c ­
e s s a r y  b e fo r e  the h e n ’s system  can p ro p er ly  u t i l i z e  a l l  t h a t  i s  
absorbed*
Data on in ta k e  and l o s s  o f  f a t t y  a c id s  by th e  h ig h ly  pro­
d u c tiv e  la y in g  hen on a lo w - fa t  d i e t  in d ic a t e  th a t  she sy n th e ­
s i z e s  an average o f  th r e e  and o n e -h a lf  grams o f  f a t t y  a c id s  d a ily *  
F u r th e r , o f  t h is  am ount, 55 mg* i s  l i n o l e i o  ac id *
Methods used  f o r  u r in e  c o l l e c t i o n s ,  f a t t y  a c i d  e x t r a c t i o n  
and p r e p a r a t io n  o f  methyl e s t e r s  a r e  a l s o  d iscussed*
i x
INTRODUCTION
At th e  p r e s e n t ,  th e  p o u l t r y  n u t r i t i o n i s t  i s  con fro n ted  w ith  
a d i f f i c u l t  "energy" problem. On the  one hand he must s t r i v e  t o  
in c r e a s e  th e  p ro d u c tiv en ess  o f  p o u l t r y  f e e d .  This can be done i n  
p a r t  by th e  use o f  h igh  le v e l s  o f  e d ib le  f a t s  or o i l s  i n  th e  r a t ­
i o n s .  The u l t im a te  f a t e  o f  th e se  f a t s ,  as r e f l e c t e d  by t h e i r  de­
p o s i t i o n  i n  e d ib le  p o u l t r y  p ro d u c ts ,  c o n s t i t u t e s  th e  second problem . 
I n  th e  fa c e  o f  mounting conoern  re g a rd in g  h igh  f a t  in g e s t i o n  by 
humans, d a ta  on f a t  m etabo lism , s y n th e s is  and d e p o s i t io n  by hens 
must be a v a i l a b l e  i f  t h e  p o u l t r y  i n d u s t r y  expec ts  to  in c r e a s e  i n  
consumer p o p u la r i ty  th e re b y  a l lo w in g  f o r  i t s  con tinued  p ro d u c t io n  
i n c r e a s e s .  This problem i s  e s p e c i a l l y  c r i t i c a l  f o r  eggs s in c e  eggs 
a r e  r e l a t i v e l y  h igh i n  o h o le s t e r o l  o o n te n t .
The e f f e c t s  o f  d i e t  on egg f a t s  have been i n v e s t i g a t e d  by 
s e v e ra l  w o rk e rs ;  however, most o f  t h e i r  r e s u l t s  were b ased  on s h o r t  
d u ra t io n  ex p e r im en ts .  Most o f  th e s e  experim ents  u t i l i z e d  hens 
t h a t  had been r e a r e d  on one fe e d in g  regime and were p la ced  on th e  
ex p er im en ta l  regim e a f t e r  b e in g  i n  egg p ro d u c t io n .  This p rocedure  
cou ld  produoe m is lead in g  r e s u l t s  and might n o t  be i n d i c a t i v e  o f  
the  f a t t y  a c id  s y n th e s is  by th e  hen* The r e s e a r c h  re p o r te d  h e r e in  
was des igned  to  s tu d y  i n  p a r t  t h e  a b i l i t y  o f  the  hen to  s y n th e s iz e  
f a t t y  a c id s  from n o n - f a t  m a te r ia l  and th e  e f f e c t s  o f  lo w - fa t  d i e t s  
on v a r io u s  m easurable  a c t i v i t i e s  such as grow th, r a t e  o f  la y  and
2
f e r t i l i t y .  D ep o s it io n  o f  th e  f a t t y  a c id s  i n  th e  egg yo lk  was to  
be used a s  th e  prim ary  measure o f  s y n t h e s i s .
EXPERIMENTAL
A* E f f e c t s  o f  a Low-Eat D ie t  on Growing Out P u l l e t s .
Most "added f a t "  o r  " f a t  f r e e "  fe e d in g  regimes re p o r te d  w ith  
ch ickens  have been o f  s h o r t  d u r a t io n  u s u a l l y  employing an  e q u a l ly  
s h o r t  (up to  3 w eeks) p r e l im in a ry  fe ed in g  p e r io d .  Suoh s h o r t  
p e r io d s  may n o t  be o f  s u f f i c i e n t  d u r a t io n  f o r  s tu d y in g  lo w -fa t  
d i e t  e f f e c t s  i n  t h e  hen .  When Burr and B urr  (1929) re p o r te d  w hat 
i s  now known as  l i n o l e i c  a c i d  d e f ic ie n o y  i n  th e  r a t ,  th e y  found 
t h a t  growing young r a t s  on a r a d i c a l l y  t r e a t e d  d i e t  r e q u i r e d  a t  
l e a s t  3 months to  show i n i t i a l  s ig n s  o f  th e  d e f ic ie n c y  syndrome. 
Weight lo s s e s  u s u a l l y  d id  no t  occur u n t i l  a f t e r  th e  f i f t h  month 
and d ea th  fo llow ed  i n  t h r e e  o r  f o u r  months t h e r e a f t e r .  To p la c e  
th e  la y in g  hens i n  a " f a t  d e f i c i e n t  s t a t e " ,  i f  such e x i s t s  f o r  
h en s ,  an  a p p r o p r ia t e  te ch n iq u e  was t h a t  o f  r a i s i n g  c h ick s  from 
d a te  o f  h a tch  on a " lo w -fa t"  d i e t .
Day o l d ,  commercial l a y e r  ty p e  p u l l e t s  w ere re c e iv e d  on May 
30, 1961. Chicks w ere d iv id e d  in t o  two g ro u p s ,  d e s ig n a ted  by 
d i e t a r y  regime a s  D -l and D-2. Eaoh d i e t  group was th e n  a l l o c a t e d  
in to  f i v e  l o t s  and p la ced  i n  a l t e r n a t e  l e v e l s  o f  two e l e c t r i o a l l y  
h e a te d ,  w i r e - f l o o r e d ,  f i v e  t i e r e d  b a t t e r y  b ro o d e r s .  This p la c e d  
one l o t  from eaoh d i e t  a t  eaoh b a t t e r y  l e v e l .  Composition o f  th e  
d i e t s ,  D -l and D-2, i s  shown i n  Table I .  The f i r s t  fo u r  i n g r e d i ­
en ts  l i s t e d  under D ie t D-2 w ere mixed t o g e t h e r  then  e x t r a c te d  w i th
4
d ie th y l  e th e r  fo r  24 hours b e fo re  in c o rp o r a t io n  in to  t h e  d i e t .  
D e ta i l s  o f  t h i s  e x t r a c t i o n  a r e  d isc u sse d  i n  Appendix I .  P roduc t­
iv e  energy  and p r o te i n  c o n te n t  o f  D ie t  D-2 were c a l c u la te d  as  740 
c a l o r i e s  per pound w i th  a  p r o t e i n  o o n te n t  o f  21.5  p e rc e n t  u s in g  
average  va lues  and d ed u c t in g  th e  energy  e q u iv a le n t  f o r  3 .67  p e ro en t 
o f  e x t r a c te d  f a t .  D ie t  D-l was ren d ered  n ea r  i s o c a l o r io  (775 C a l . )  
by use  o f  A lphacel and is o n i t ro g e n o u s  (2 0 .9 $ )  by changing the  
amount of soybean meal i n  th e  r a t i o n .  S ince  th e  r a t i o  o f  f i s h  
meal to  soybean o i l  meal i n  the  two d i e t s  i s  d i f f e r e n t ,  t h e  two 
d i e t s  a r e  n o t  composed o f  the  same q u a n t i t i e s  o f  in d iv id u a l  amino 
a c id s  .
P u l l e t s  were b a t t e r y  r a i s e d  u n t i l  7 weeks o f  a g e .  Growth 
r a t e s  and fe e d  consumptions f o r  t h i s  p e r io d  a r e  shown i n  Table I I .
I t  was noted t h a t  a l though  D ie t D-2 was ex trem ely  dry  and 
d u s ty ,  the  ch icks  d id  n o t  seem to  w a s te  i t .  This was n o t  th e  case  
fo r  D ie t D - l .  The h ig h  le v e l  o f  A lphacel p lu s  th e  p re sen ce  o f  f a t  
produced a  low d e n s i ty  d i e t  t h a t  c lung  t o  th e  b i rd s  b e a k s .  The 
ex ac t  amount l o s t  eaoh day was never measured b u t  was c l e a r l y  
v i s a b l e  i n  t h e  w ater  t r o u g h s .  This lo s s  no doubt acco u n ts  f o r  the 
d i f f e r e n c e s  i n  th e  fe e d  e f f i c i e n c i e s  o f  th e  two r a t i o n s  as  i n d i ­
c a te d  by th e  a n a ly s i s  o f  v a r ian ce  f o r  feed  co n v ers io n  shown i n  
Table I I I .  This i s  f u r t h e r  s u b s t a n t i a t e d  by th e  f a o t  t h a t  a n  ana­
l y s i s  o f  v a r ia n c e  f o r  growth r a t e  showed no s t a t i s t i c a l  s i g n i f i ­
ca n c e .
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TABLE I  
FRACTICAL TYPE CHICK DIET
In g r e d ie n t D iets
D-l D-2
Pero en t P ercen t
Ground Yellow Com 40 .0 63.5**
Soybean Meal (50$ p r o t e i n ) 30.0 26.0**
F is h  Meal (60$ p r o te in ) 3 .0 3.0**
A l f a l f a  Leaf Meal (17$ p r o t e i n ) 3 .0 3.0**
Animal F a t 3 .0 0 .0
D icaloium Phosphate 2 .0 2 .0
O yster S h e l l  F lou r 1 .0 1 .0
S a l t  (MaCl) 0 .5 0.5
Vitamin & M ineral Premix* 1 .0 1.0***
A lphaoel 16.5 0 .0
T o ta l 100.0 100.0
* This premix adds per pound o f  f i n i s h e d  fe e d  th e  fo l lo w in g :
3 mg* R ib o f la v in ,  6 mg* caloium  p a n to th e n a te ,  14 mg* 
n i a c i n ,  515 mg. c h o l in e  c h l o r i d e ,  6 meg. v i ta m in  B-12, 
2 .5  IU Vitamin E, 3405 USP V itamin A, 341 ICU Vitamin 
D-3, 4 mg. P ro ca in e  P e n i c i l l i n ,  42 ppm Copper, 49 ppm 
Z in c ,  227 mg* M ethionine p lus  a ooiranercial c o c c id io -  
s t a t  a t  recommended l e v e l  i n  b r o i l e r  feeds*
** These fo u r  in g r e d ie n t s  were mixed, e x t r a c te d  w i th  d i e th y l  
e t h e r  then  a i r  d r ie d  b e fo re  in c o rp o r a t io n  in t o  the  d ie t*
*** 0*38 mg* Klotagen F added as  souroe o f  V itamin K a c t i v i t y *
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TABLE I I
GROWTH AND FEED CONSUMPTION DATA FCR PULLETS TO 43 DAYS OF AGE
ON DIETS D -l AND D-2
D ie t Rep* Avg. Wt* Avg. Feed Feed /L bs .  Gain
Grams Grams
D-l 1 437.9 1111.7 2.54
2 404.5 1059.5 2.62
3 428.6 1081.9 2.52
4 403.6 1052.3 2.61
5 392.8 1049.3 2 .67
Average** 412.4 1069,6 2.59
D-2 1 425 .0 1008.2 2 .40
2 432.9 1053.6 2.44
3 415.3 981.7 2.37
4 404.5 1004.0 2 .50
5 406.8 1008.3 2.48
Average** 416.4 1024.2 2.46
* 15 ch icks each r e p l i c a t i o n ,»
** Averages computed on t o t a l  w eigh ts  o f  a l l  b i r d s  (.75) r a th e r
th a n  pen ave rages*
TABLE I I I
ANALYSIS OF VARIANCE SHOWING EFFECTS OF DIETS D-l AND D-2 ON
FEED CONVERSION (AVERAGE FEED CONVERSIONS)
Source d/ f s/s V s  F Value
T o ta l 9 860.5 rH —  *■»
Treatment 1 592.9 592.9  17.72**
Residue 8 267.6 33.45
** S i g n i f i c a n t  a t  O.Ol l e v e l  o f  p r o b a b i l i t y .
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At seven weeks o f  age th e  p u l l e t s  w ere t r a n s f e r r e d  to  two 
f l o o r  pens a t  th e  L ou is iana  S t a t e  U n iv e r s i t y  Experiment S t a t i o n  
P o u l t ry  Farm. They were grown to  m a tu r i ty  on th e  same d ie t s  t h a t  
th ey  r e c e iv e d  f o r  t h e  f i r s t  seven  w eeks. F i r s t  eggs were l a i d  on 
Ootober 16 th  and 19th r e s p e c t i v e l y  fo r  D ie t D -l and D ie t D-2. On 
October 23rd the  b i r d s  were w eighed , i n d i v i d u a l l y  wormed, and each 
d i e t  group d iv id e d  i n t o  s ix  l o t s .  The hens were t r a n s f e r r e d  to  
5 x 10 fo o t  ped ig ree  f l o o r  pens f o r  l a y in g ,  6 to  10 b i rd s  pe r  pen. 
W eights o f  p u l l e t s  a t  145 days o f  age i s  shown i n  Table IV . The 
sm all w e igh t  d i f f e r e n c e  between the two groups i s  n o t  c o n s id e re d  
o f  consequence to  t h i s  s tu d y .  I t  should  be p o in ted  o u t  h e re  t h a t  
a t  no tim e was any s e l e c t i o n  a p p l ie d  to  the  two groups o f  b i r d s .
TABLE IV
PULLET WEIGHTS WHEN HOUSED SHOWING WEIGHTS OF EXPERIMENTAL UNITS 
D ie t Pen No. No. o f  Hens Avg. Weight Lbs.






































Laying r e s u l t s  showing r a t e  o f  l a y  a re  shown i n  Table V.
R a te  o f  l a y  i s  computed on a hen-day b a s i s  s in ce  p e r i o d i c a l l y  hens 
were removed from v a r io u s  pens f o r  f u r t h e r  experim en ta l work which 
w i l l  be d is c u s s e d  l a t e r .  The low r a t e  o f  l a y  p e rce n tag e  f o r  D ie t 
D-l b i rd s  f o r  November and December as  shown i n  Table V was found 
to  be due to  a m echanical w ith h o ld in g  o f  fe e d  from th e  h e n s .  When 
tu b e  ty p e  f e e d e rs  were r e p la c e d  by tro u g h  f e e d e r s ,  t h i s  s i t u a t i o n  
c o r r e c t e d  i t s e l f .  I t  i s  a l s o  no ted  i n  Table V t h a t  th e  D-2 b i r d s  
developed in t o  p ro d u c t io n  a t  an  a c c e p ta b le  r a t e .
TABLE V
RATE OF LAY DATA FOR PULLETS DURING PERIOD OF STUDY
D iet Pen No. Nov. Dec. J a n . F eb .*
P e rc e n t P e rc e n t Perc ent P e rc e n t
D-l 1 7 .9 29.4 60.0 65 .0
3 8 .4 17.2 4 5 .4 55 .6
5 11.5 14.8 55.1 57.5
113 8.6 19.6 52.3 71.5
115 1 .6 33.2 57 .4 50.5
117 14.5 37.5 64.5 69.4
D-2 2 36.0 52.5 70.7 68 .0
4 32.7 69.0 69 .5 67.8
6 43 .3 43.5 58 .1 97 .8
114 40 .5 46 .7 64.7 61 .6
116 31.6 67.3 64 .9 61.7
118 28.3 47 .6 78.1 79.1
T o t a l s : D -l D-2
Honda ys 6523 5224
Eggs 2206 2926
Percen t 33.8 5 6 .0
* 16 days on ly  i n  F eb ruary
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Davis and  Upp (1941) ra p o r te d  t h a t  ch icks  fed  a " f a t  f r e e "  
r a t i o n  i n i t i a l l y  grew slow er than  th o se  r e c e iv in g  f a t  i n  t h e i r  
r a t i o n  b u t  th e  d i f f e r e n c e  was c o r re o te d  by tim e o f  sexual m a tu r i t y .  
They d id  n o t  feed  i s o n i t ro g e n o u s  and i s o c a l o r i c  r a t i o n s  which could  
a cc o u n t f o r  t h i s  d i f f e r e n c e .  T heir  work a l s o  i n d i c a t e d  t h a t  w h ile  
f e r t i l i t y  was u n a f fe c te d  i n  a " f a t  f r e e "  reg im e, h a t o h a b i l i t y  was 
g r e a t l y  red u c e d .
To s tudy  t h i s  re p o r te d  e f f e c t  o f  lo w - fa t  d i e t s  on h a t o h a b i l i t y ,  
a s e r i e s  o f  f e r t i l i t y  and h a t o h a b i l i t y  s tu d ie s  were conducted u s ing  
eggs l a i d  by hens on D ie ts  D-l and D-2. W hite Leghorn c o c k e re ls  
from the  farm  f lo c k  were u t i l i s e d .  C ockere ls  were r o t a t e d  between 
pens to  a s s u re  maximum f e r t i l i t y .  Eggs saved  fo r  h a to h in g  were 
a l l  unc raek ed ,  h a rd s h e l l e d  eggs r e g a rd le s s  o f  s iz e  or sh a p e ,  c o l ­
l e c t e d  from eaoh pen Tuesday th rough  F r id a y .  Eggs were c o l l e c t e d
o
d a i l y ,  h e ld  i n  a  50 F egg room and s e t t i n g s  w ere made Monday 
a f t e r n o o n .  Eggs were saved and s e t  fo r  f o u r  weekly p e r io d s ,  each 
week c o n s t i t u t i n g  one r e p l i c a t i o n .  R e s u l t s  o f  th e  h a t o h a b i l i t y  
and f e r t i l i t y  s tudy  a r e  shown i n  Table V I. A na lys is  o f  th e  data  
i n  Tab le  VI on h a t o h a b i l i t y  and f e r t i l i t y  i n d i c a te s  no d i f f e r e n c e  
between eggs from e i t h e r  d i e t .  The h a t o h a b i l i t y  d e te rm in a t io n s  
were made a t  th e  c lo s e  o f  the  22nd day a f t e r  th e  eggs were s e t .
Some ch ioks from th e  above ha tches  were u t i l i z e d  i n  f i r s t  g enera ­
t i o n  growth s tu d ie s  which w i l l  be d isc u sse d  l a t e r .
I n  observ ing  the  h a tc h in g  o f  the  second w eek’ s eg g s ,  i t  was 
no ted  a t  ab o u t  21 days p lu s  12 hours a f t e r  s e t t i n g ,  the  down on 
ch icks  from Diet D-2 eggs was somewhat w e t t e r  than  the  down o f
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D ie t D-l c h i c k s .  A s im i la r  o b s e rv a t io n  was made on th e  t h i r d  
h a to h .  This hatoh was observed  a t  ab o u t  21 days p lus  6 hours a f t e r  
s e t t i n g ,  and i t  was no ted  t h a t  w e ll  over 75 p e rc e n t  o f  th e  even­
t u a l  h a tch  o f  D ie t D-l were ha tched  and d ry  b u t  t h a t  i t  was d i f f i ­
c u l t  to  f i n d  30 p e ro en t  d ry  ch ioks i n  th e  D iet D-2 egg t r a y .  As 
a  r e s u l t  of t h i s  o b s e r v a t io n ,  the  f o u r th  hatoh  and a n  a d d i t i o n a l  
ha toh  no t  r e p o r te d  i n  T ab le  VI were observed  more c l o s e l y .
TABLE VI
FERTILITY AND HATCHABILITY* RESULTS FOR HENS ON DIET D-l AND D-2
Rep D iet




F e r t i l i t y
D-2
H atch
P ercen t P ercen t P ercen t P e rc e n t
1 93.6 95.3 88.3 93.7
2 94.5 90.3 96.7 88.3
3 97.0 89.5 93.6 89.4
4 94.0 92.0 98.5 91.2
Average 94.8 91.8 94 .3 90.4
* H a tc h a b i l i t y  exp ressed  as  p e rc e n t  hatoh  o f  f e r t i l e  eg g s .
R e s u l t s  o f  t h e s e  o b s e rv a t io n s  a r e  g r a p h ic a l ly  shown i n  F igu re  lo  
D ie t  D-2 ch icks  on th e  fo u r th  hatoh v ery  d e f i n i t e l y  emerged some­
what l a t e r  th a n  th o se  oh icks  from D ie t  D-l eggs .  However, by th e  
end o f  th e  22nd day, a l l  ch icks had h a tc h e d .  Eggs f o r  the  a d d i ­
t i o n a l  o r  f i f t h  hatoh were h e ld  i n  th e  egg room f o r  an  e x t r a  week 
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Fig* 1 . R ate  o f  H atoh.
Days a f t e r  S e t t in g
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The poor h a t c h a b i l i t y  r e p o r te d  by Davis and Upp (1941) might 
be accoun ted  fo r  by one o r  both o f  th e  fo l lo w in g  c o n s id e r a t io n s :  
(1 )  t h e i r  e x t r a c t e d  d i e t  eggs m ight have been slow er to  ha toh  as 
were D ie t D-2 eggs i n  th e  above exam ple, and t h e r e f o r e ,  had  not 
ha tched  com ple te ly  when d e te rm in a t io n s  were made; (2 )  to d a y ’s 
v i tam in  mixes a r e  more complete i n  added v i tam in s  than  w ere those  
i n  1940, For example Vitamin B^g, w h ile  n o t  o o n s id e re d  a l i p i d  
e x t r a c t a b l e  v i ta m in ,  was unknown th en  and con seq u en tly  cou ld  not 
have been in c lu d e d  i n  th e  v i ta m in  mix. The is o p ro p y l  e t h e r  ex­
t r a c t i o n  they  used  oould  have e i t h e r  p a r t i a l l y  d e s tro y ed  o r  r e ­
moved t h i s  v itam in  from th e  r a t i o n .
I t  i s  a l s o  i n t e r e s t i n g  to  n o te  t h a t  the  one week a d d i t i o n a l  
s to r a g e  o f  th e  f i f t h  s e t t i n g  o f  eggs de layed  emergence o f  ch icks  
from both  g ro u p s .  This d e la y  due to  s to ra g e  was o f  th e  same mag­
n i tu d e  a s  f o r  a s im i l a r  s to r a g e  p e r io d  r e p o r te d  by Funk (1934 ) ,  
Here th e  e f f e c t  was more pronounced on the  D ie t D -l eggs than  on 
th e  D iet D-2 eggs s in c e  both groups emerged a t  ab o u t th e  same 
t im e ,  w h e reas ,  on th e  s h o r t e r  s to ra g e  p e r io d  ( f o u r th  h a t o h ) ,  the  
D-l ch ick s  emerged tw elve hours e a r l i e r  th a n  th e  D-2 c h i c k s .  The 
d i f f e r e n c e  i n  h a tc h in g  tim es f o r  D ie t D-l and D-2 eggs a s  noted  
f o r  th e  f o u r th  hatoh  m ight have been caused  by d i f f e r e n c e s  i n  th e  
f a t t y  a c id  make-up o f  t h e  egg yolks w i th  the  f a t t y  a c id s  found i n  
D-l eggs be ing  more r e a d i l y  a v a i l a b l e  to  th e  embryo th a n  th o se  i n  
D ie t D-2 egg y o lk s .  This i s  n o t  i n c o n s i s t a n t  w i th  th e  co n c lu s io n s  
drawn by Needham (1931) i n  rev iew ing  the  work o f  Eaves re p o r te d  
tw enty  y ears  e a r l i e r .  Eaves showed t h a t  t h e  yo lk  f a t t y  a c id s
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became more s a t u r a t e d  a f t e r  th e  t e n th  day o f  in c u b a t io n  and a t  the  
same time th e  f a t t y  a c id s  i n  the  embryo showed a n  in c r e a s e  i n  
io d in e  number# Needham concludes  t h a t  the  embryo a f t e r  abou t th e  
t e n th  day i s  c ap ab le  o f  u s in g  u n s a tu r a t e d  f a t t y  a o id s  as  an energy  
s o u rc e .  However, i t  i s  very l i k e l y  t h a t  th e  d e lay ed  h a to h in g  due 
to  a d d i t i o n a l  s to r a g e  i s  due t o  some f a c t o r  o th e r  th a n  f a t t y  a c id  
s a t u r a t i o n .
SUMMARY
Removal o f  3 .67  p e rc e n t  l i p i d  from a  n a t u r a l  type  ch ick  
r a t i o n  p r i o r  to  fe e d in g  r e s u l t e d  i n  no a p p a re n t  i l l  e f f e o t s  on 
the c h ic k  oonsuming the d i e t  when compared to  an  i s o c a l o r i c ,  
iso n i t ro g e n o u s  d i e t  c o n ta in in g  added f a t .  Rate  o f  grow th, age 
a t  f i r s t  egg , f e r t i l i t y  and h a t c h a b i l i t y  were no t a d v e r s e ly  
a f f e c t e d  by th e  lo w - f a t  d i e t .  The lcrw-fat d i e t  a p p a r e n t ly  p ro ­
longs th e  h a tc h in g  time r e q u i r e d  fo r  ohiok emergence when compared 
to  a d i e t  c o n ta in in g  a h ig h e r  l e v e l  o f  f a t .
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B. C arry  Over E f f e c t s  o f  Low-Fat D ie ts  i n t o  F i r s t  G enera t ion  
O f f s p r in g .
I t  has been  r e p o r te d  by LSacklin and Gordon (1S60) t h a t  1 .5  
p e rc e n t  m ethyl l i n o l e a t e  produced s i g n i f i c a n t  growth re sp o n ses  i n  
ohicks i n  seven days when added to  a p u r i f i e d ,  f a t - f r e e  d i e t .
They a l s o  found t h a t  0 .15 p e rc e n t  m ethyl l i n o l e a t e  d id  no t  e l i c i t
a growth re sp o n se  nor d id  1 .5  p e r c e n t  methyl l i n o l e n a t e .  They did 
no t r e p o r t  d a ta  p e r t a in in g  to  fe e d in g  regimes o f  th e  dams o f  t h e i r  
exp er im en ta l  o h io k s .  I t  can be assumed t h a t  th e  dams w ere on a 
good commercial r a t i o n  and undoub ted ly  t h e i r  eggs w ere ave rage  i n  
l i n o l e i c  a c id  c o n te n t .  I f  th e  c h ic k  does have a  h igh req u irem en t 
f o r  l i n o l e i o  a c i d ,  th e n  ch icks  from dams w hich r e c e iv e d  v e ry  low 
le v e l s  o f  f a t  shou ld  be e x c e l l e n t  ex perim en ta l  a n im a l s .
S ix ty  ch icks  from each o f  the  f i r s t  th r e e  h a tc h in g s  d is c u s s e d  
p re v io u s ly  were p la ced  on fe e d in g  t r i a l s  a s  i n d i c a te d  i n  Table V I I .
TABLE VII
EXPERIMENTAL DESIGN -  FIRST GENERATION OFFSPRING OF HENS FED
DIETS D-l AND D-2
Trea tm ent No. o f  Chicks D ie t  o f  Dams D ie t  Fed Chicks
1 - 1  45 D-l D-l
1 - 2  45 D-l D-2
2 - 1  45 D-2 D -l
2 - 2  45 D-2 D-2
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O p era tio n  o f  t h e  b a t t e r i e s  was s im i la r  to  t h a t  used when dams 
were b ro o d ed .  The s i x t y  ch icks  from each h a to h ,  t h i r t y  from each 
d i e t a r y  reg im e, w ere f u r t h e r  d iv id e d  in to  groups o f  f i f t e e n  b i r d s  
eac h .  Each h a tc h in g  c o n s t i t u t e d  one r e p l i c a t i o n .  At th e  t e r m i ­
n a t io n  o f  f o u r  w eeks, ch icks w ere  sexed and weighed i n d i v i d u a l l y .  
Average w e igh ts  by  s e x ,  r e p l i c a t i o n  and d i e t  a r e  shown i n  Table 
V I I I .  Pen average  w e ig h ts  a re  c a l c u la te d  from t o t a l  o f  i n d i v i ­
dual w e ig h ts  and no t  from average  o f  sex ave rage  w e ig h ts .  S ta ­
t i s t i c a l  a n a ly s i s  (Table IX ) o f  th e  da ta  i n d i c a t e  t h a t  d i e t a r y  
regime had no e f f e c t  on v a r i a t i o n  i n  c h ic k  w e ig h ts  a t  fo u r  weeks 
o f  a g e .  The la rg e  v a r i a t i o n  due to  r e p l i c a t i o n s  was a t t r i b u t e d  to  
tem porary  f a i l u r e  o f  th e  h e a t in g  system i n  two b a t t e r i e s  when th e  
ch icks  w ere  le s s  th an  seven  days o l d .
A lthough r a t e  o f  growth o f  ch icks  whose s i r e s  and dams w ere  
s e l e c t e d  f o r  egg  p ro d u c t io n  i s  perhaps no t the most d e s i r a b l e  
m easurement, i n  t h i s  c a s e ,  a d e f ic ie n c y  i n  a l i p i d  component 
shou ld  have been  e v id e n t  i n  t h e  e f f e c t s  on r a t e  o f  grow th. Chicks 
i n  l o t  2 - 2 ,  r a i s e d  to fo u r  weeks o f  age  on th e  e x t r a c t e d  d i e t  
and be ing  a l s o  t h e  progeny o f  dams r a i s e d  on t h e  e x t r a c t e d  d i e t ,  
shou ld  have shown i l l  e f f e c t s  from such a d i e t .  These r e s u l t s ,  
however, te n d  to  b e  i n  agreem ent w i th  t h o s e  o f  H ule t e t  a l  ( i 9 6 0 ) .  
These workers r e p o r te d  t h a t  i s o c a l o r i o  s u b s t i t u t i o n  o f  an im al f a t  
o r  soybean o i l  f o r  g ra in s  d id  n o t  a f f e c t  ch ick  body w e igh t a t  
e i g h t  weeks o f  a g e .
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ANALYSIS OF VARIANCE OF GERCWTH OF CHICKS FROM DAMS FED DIETS
D-l AND D-2
Source d/ f s/s m/ s F Value
T o ta l 23 5965.51 — — MOT
Sex 1 1314.24 1314.24 14.5**
Reps 3 2983.52 994.57 10.9**
D iets 3 215.00 71.67 —
R esidue 16 1452.73 90.79 MM
** S i g n i f i o a n t  a t  O.Ol l e v e l  o f  p r o b a b i l i t y
SUMMARY
No i l l  e f f e c t s  were e v id e n t  as  a  r e s u l t  o f  lo w -fa t  d i e t s  fed  
to  o f f s p r in g  o f  dams who had a l s o  been  r a i s e d  on lo w -fa t  d ie t s #  
This would ap p ea r  to  be  i n  d isag reem en t w i th  t h e  work o f  M acklin 
and Gordon (1960) who found t h a t  1*5 p e rc e n t  l i n o l e i c  a c id  gave a 
d e f i n i t e  growth re s p o n s e .  D ie t D -l c o n ta in ed  a p p ro x im a te ly  1.45 
p e ro en t  l i n o l e a t e  w h ile  D ie t D-2 c o n ta in ed  a p p ro x im a te ly  .22 
p e rc e n t  l i n o l e a t e .
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C. U rin a ry  F h tty  Acid E x cre tio n s  as  A f fe c te d  by D ie ta ry  F a t s .
P e r f e c t io n  o f  s u r g ic a l  methods f o r  modifying fowl to  f a c i l i ­
t a t e  s e p a r a t io n  and c o l l e c t i o n  o f  u r in e  and fe c e s  (Dixon and 
W ilk inson  1957; Dixon 1958; R ichardson  e t  a l  I960) coupled w ith  
use  o f  g a s - l i q u id  chrom atographic methods fo r  s e p a r a t io n  o f  th e  
methyl e s t e r s  o f  f a t t y  a c id s  (James and M artin  1952; James 1960) 
gives a t o o l  fo r  r a p id  d e te rm in a t io n  o f  th e  f a t t y  a c id s  i n  hen 
u r i n e .  I n v e s t i g a t o r s  have long sought methods to  p a r t i t i o n  th e  
n it ro g en o u s  p roducts  o f  fowl e x c re ta  bu t  l i t t l e  i n t e r e s t  has been 
shown i n  e v a lu a t in g  th e  f a t t y  a c id s  i n  hen u r i n e .  This was poss­
i b l y  due to  the  assum ption  t h a t ,  ex ce p t  f o r  d is e a s e  c o n d i t i o n s ,  
u r in e  sh o u ld  be devo id  o f  l i p i d  m a t e r i a l s .  Mehring a t  al_ (1960) 
r e p o r te d  t h a t  l i p i d  i n  fowl u r in e  was a f a c t o r  which must be con­
s id e re d  when s tu d y in g  m e ta b o liz a b le  energy value o f  f a t s .  T heir  
l a b o ra to r y  r e p o r te d  th a t  e ig h t  weeks o ld  b r o i l e r  ch ick  u r in e  a s ­
sayed 0.59 to  2 .54 p e ro e n t  l i p i d  on a dry w e ig h t b a s i s  w ith  the  
average  be ing  1 .33 p e rc e n t  when fed  a s ta n d a rd  type r a t i o n .  
Edwards a t  al_ (1960) found up to  12.2 p e rc e n t  l i p i d  i n  hen u r in e  
when hens were fed  a p r a c t i c a l  ty p e  d i e t .  They a l s o  found t h a t  
th e  l i p i d  c o n te n t  dropped as  low as  1 .8  p e rc e n t  when hens were 
fed  a very  lo w -fa t  d i e t .  These f in d in g s  caused them to  propose 
t h a t  th e  d i e t  may have a profound in f lu e n c e  on th e  l i p i d  c o n ten t  
o f  hen u r i n e .  In th e  ensuing  s tu d y ,  u r in e s  from hens f e d  d i f f e r ­
e n t  d i e t a r y  regimes were an a ly zed  f o r  t o t a l  f a t t y  a c id  c o n te n t .
Commercial la y e r  type  p u l l e t s  r a i s e d  from h a tc h  on D ie t D -l
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(Table I )  or on D ie t D-2 (Table  I )  were s e l e c t e d  from a f lo c k  
be ing  housed* A f te r  i n d i v id u a l  worming th e  p u l l e t s  were p la ced  
i n  small w i r e - f lo o r e d  in d iv id u a l  oages* These cages w ere on ly  
la rg e  enough f o r  the  b i r d  to tu r n  around w ith  d i f f i c u l t y *  I n d i ­
v id u a l  w a te r  and feed  c o n ta in e r s  were p ro v id e d .  B irds  were h e ld  
i n  th e se  cages f o r  a s i x  day p e r io d  f o r  a d ju s tm e n t  to  new e n v i ro n ­
ment* This a d ju s tm en t p e r io d  appears  n ece ssa ry  when b r in g in g  a 
group of b i r d s  in to  new f a c i l i t i e s  t h a t  have no a d ju s te d  ch ickens  
p re se n t*  However, i f  one or two b i r d s  a re  b rough t i n  or added to  
an  exp erim en t ,  th e y  can b e  added to  i n t e r i o r  pens w ith  l i t t l e  o r  
no ad ju s tm en t  period*  I t  i s  a d v i s a b le  t h a t  a l l  b i r d s  removed from 
f l o o r  pen f lo c k s  f o r  u l t im a te  use i n  t h i s  type experim ent be wormed. 
This i s  f e l t  to  be d e s i r a b l e  even though no i n d i c a t i o n  o f  worm i n ­
f e s t a t i o n  i s  p r e s e n t .  The s u rg ic a l  m o d i f ic a t io n  p laces  s t r e s s  on 
the  G-I t r a c t  o f  th e  b i r d  and th e  p resence  o f  worms would o n ly  
ag g ra v a te  t h a t  s t r e s s .
A f te r  the  ad ju s tm en t p e r io d  the  hens were s u r g i c a l l y  m od if ied  
u s ing  th e  e x t e r i o r i z e d  rectum  techn ique  o f  Dixon (19 5 8 ) .  D e ta i l s  
o f  t h i s  o p e ra t io n  w ith  m o d if ic a t io n s  by the  a u th o r  and  o th e rs  i s  
to  be found i n  Appendix I I .  M odified b i r d s  r e q u i r e  th e  minimum 
of  onoe a day in d i v id u a l  a t t e n t i o n  a t  a l l  times when c o l l e c t i o n s  
a re  n o t  be ing  made. Much more tim e i s  r e q u i r e d  du r in g  c o l l e c t i o n  
p e r io d s •
A ll  th e  m odified  b i r d s  were co n t in u ed  on the  r a t i o n  which th ey  
had r e c e iv e d  s in c e  h a tc h in g .  The f i r s t  s e r i e s  o f  c o l l e c t i o n s  was 
made on December 4 t h ,  5 th  and 6 th ,  1961, u s in g  Method A as o u t l in e d
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i n  Appendix I I I .  I n d iv id u a l  u r in e  and feoes samples were f ro z e n
and s to r e d  u n t i l  suoh tim e as  th e y  cou ld  b e  thawed and f r e e z e -
d r i e d .  I n  most cases  th e  u r in e  samples were so voluminous t h a t
o
t h e i r  volume was reduced  under reduced  p re s s u re  a t  45 C. b e fo re  
d ry ing  on the  f r e e z e - d r y e r .  A f te r  d e te rm in in g  d ry  w eigh t o f  
sam ples ,  th e y  were sc raped  from t h e  f r e e z e - d r y  c o n ta in e r s  and 
s to r e d  i n  a -10° C. f r e e z e r  u n t i l  f a t  d e te rm in a t io n s  were made. 
D i f f i c u l t y  was encountered  i n  d ry in g  the  u r in e  sam p les .  I n  a d d i ­
t i o n  to  th e  u su a l  f r e e z in g  to  t h e  s i d e s  o f  t h e  f r e e z e - d r y  c o n ta in ­
e r s ,  each c o n ta in e r  had to  be k e p t  co ld  by e x t e r i o r  means during  
th e  d ry in g  p r o c e s s .  The e a s i e s t  method was a sm all t r a y  o f  
a lc o h o l  p lu s  d ry  i c e .  I f  t h i s  method was no t fo l lo w ed , p o r t io n s  
o f  th e  sample would no t  rem ain  f r o z e n .
S evera l  o f  th e  m odified  b i r d s ,  rem a in ing  i n  t h e  sm all  s i z e  
pens f o r  p e r io d s  o f  over t h r e e  w eeks, became weak and had to  be 
e l im in a te d .  One o f  th e  causes o f  weakness appea red  t o  be t h a t  th e  
h e n ’ s la rg e  i n t e s t i n e  became in f e c t e d  which i n i t i a l l y  caused  d i ­
a r r h e a  th e n  s toppage o f  f e c a l  p a s sa g e .  Drenching th e  i n f e c te d  
b i r d  w i th  h igh  l e v e l s  o f  p e n i c i l l i n  he lped  t e m p o r a r i l y .  A f te r  
t h i s  e x p e r ie n c e ,  which e l im in a te d  s e v e r a l  m odified  b i r d s ,  t h e  
r a t i o n s  were f o r t i f i e d  w ith  p e n i c i l l i n  a t  th e  r a t e  o f  200 grams 
pure  p e n i o i l l i n  per  to n  and th e  pen s i z e  was changed. The hens 
w ere p laced  i n d i v i d u a l l y  i n  r e g u la r  b r o i l e r  b a t t e r i e s .  This a l lo w ­
ed th e  hens more movement and appeared  to  keep them i n  b e t t e r  
h e a l t h .
A second s e r i e s  of c o l l e c t i o n s  s t a r t e d  on February  14 , 1962,
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and the t h i r d  s e r i e s  s t a r t e d  on February  19, 1962, u s ing  a long  
w ith  newly m odified  h e n s ,  th re e  hens which were used  i n  th e  Dec­
ember c o l l e c t io n s *  Methods o f  u r in e  c o l l e c t i o n  used i n  th e s e  l a s t  
two c o l l e c t i o n s  a r e  d is c u s s e d  under Methods A, B, C and D o f 
Appendix I I I .  Feces samples c o l l e c t e d  du r in g  th e s e  two s e r i e s  
were oven d r i e d ,  weighed and h e ld  f o r  a n a l y s i s .  Urine samples
w ere f i r s t  checked f o r  pH th e n  reduced  i n  volume under reduced  
o
p re s s u re  a t  45 C. to  a volume o f l e s s  th an  75 m l . ,  f ro z e n  and 
s to r e d  u n t i l  f a t  d e te rm in a t io n s  w ere  made.
F a t t y  a c id s  w ere e x t r a c te d  u s in g  a n  a l c o h o l i c  KOH s a p o n i f i ­
c a t io n  tech n iq u e  d is c u s s e d  by Young (1 9 6 1 ) .  D e ta i ls  o f  th i s  
method w ith  m o d if ic a t io n s  by th e  au th o r  a r e  d is c u s s e d  i n  Appendix 
IV . F a t t y  a c i d s ,  a f t e r  w eigh t d e te rm in a t io n s ,  were washed w ith  
pe tro leum  e th e r  in t o  50 m l. screw cap c o n ta in e r s  and s to r e d  under 
r e f r i g e r a t i o n  u n t i l  th e y  were m e thy la ted  by the  method o f  Radin 
e t  a l  (1960).  D e ta i l s  o f  t h i s  method and comments a r e  oon ta ined  
i n  Appendix V.
Composition o f  th e  m e thy la ted  f a t t y  a c id s  were determ ined  by
g a s - l i q u id  chrom atography. A B arber Coleman Model 10, two u n i t
g a s - l i q u id  chrom atograph, equipped w ith  a Wheelco 8000 Recorder
was u se d .  This in s t ru m e n t  was equipped w ith  S tron tium  90 b e ta
ra y  d e t e c t o r s .  Argon was used  as  th e  c a r r i e r  g a s .  The f a t t y  a c id
methyl e s t e r s  were s e p a ra te d  i n  a 0 .5  cm. I .  D. x 162 cm. column 
0
o p e ra ted  a t  180 C. on a 20 p e rce n t  d ie th y le n e  g ly c o l  a d ip a te
p o ly e s t e r  p lu s  2 p e rc e n t  H,jP04 on 80-100 mesh Chromport. The
0
f l a s h  h e a te r  was o p e ra te d  a t  220 C. and th e  d e t e c to r  c e l l  a t
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o
200 C« Flow r a t e  o f  th e  argon  c a r r i e r  gas was 67 m l. per  m in u te .  
I n j e c t i o n  s i z e  was dependent upon th e  sam ple .  I n  cases  where l e s s  
than  10 mg. of o r i g i n a l  f a t t y  a c id  were m e th y la te d ,  th e  r e s u l t a n t  
m ethyl e s t e r s ,  a f t e r  e v a p o ra t io n  o f  pe tro leum  e t h e r ,  w ere washed 
w i th  0 .5  ml. benzene in to  a sample v i a l .  I n  th e se  cases  th e  i n ­
j e c t i o n  volume was two to  t h r e e  m i c r o l i t e r s .  Samples which did
not r e q u i r e  d i l u t i o n  f o r  s ak e  o f  h a n d l in g  were i n j e c t e d  pure i n
o
0.1 m i c r o l i t e r  q u a n t i t i e s .  A ll  samples were hea ted  to  45 C. 
p r i o r  to  i n j e c t i o n .  A lso ,  th e  sy r in g e  was m ain ta ined  a t  t h i s  temp­
e r a t u r e .  No change i n  a t t e n u a t i o n  was made du r in g  ru n  of any  
sample a l th o u g h  changes were made f o r  d i f f e r e n t  sam ples .
P re l im in a ry  chem ica l a n a ly se s  o f  th e  v a r io u s  r a t i o n s  f e d  
du ring  t h i s  r e s e a rc h  i n d i c a t i n g  p e rc e n t  dry  m a t t e r ,  f a t t y  a c id s  
and n o n s a p o n if ia b le  m a te r i a l  a r e  shown i n  Table X. The f a t t y  
a c id  com posi t ion  o f  t h r e e  o f  th e s e  same r a t i o n s  i s  shown g ra p h i ­
c a l l y  i n  F ig u re  2 . Minor c o n s t i tu e n t s  a r e  no t shown on t h i s  
g raph .  These minor f r a c t i o n s  in c lu d e d  l a u r i c  a c id  and u n s a tu r a te d  
f a t t y  a c id s  w ith  c h a in  le n g th s  o f  12, 14 and 16 carbon a tom s. I n  
a d d i t i o n  to  th e s e  m entioned , D ie t D-2 a l s o  c o n ta in e d  16 molar 
p e ro e n t  o f  a n  u n i d e n t i f i e d  f a t t y  a c id  which was c a l c u la te d  to  be 
an  e ig h te e n  carbon t e t r a e n e .  The p resence  o f  t h i s  a c i d  and  i n  
such q u a n t i t i e s  i s  unexp la ined  e s p e c i a l l y  s in c e  a l l  r a t i o n s  were 
made b a s i c a l l y  from th e  same raw m a t e r i a l s .  This i s  f u r t h e r  con­
founded by th e  f a c t  t h a t  i t  d id  n o t  show up i n  th e  e x t r a c t e d  d i e t  
to  which two p e rce n t  l i n o l e i c  a c id  was added . This would te n d  to
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TABLE X 
DATA ON DIETS FED 
DRY MATTER, FATTY ACID AND NON-SAPONIFIABLE PERCENTAGES
D ie t Dry M atte r F a t t y  Acids Non-Sapon M a t ' l
P e rc e n t P ercen t P e rc e n t
D-l 85.2 4 .3 6 0.20
D-2 85.3 0 .90 0.29
FL* 88.6 9 .30 1.17
D-l p lu s  2/i 
L in o le ic 85.4 6.43 0.25
D-2 p lu s  2% 
L in o le io 85.2 3.08 0.29
* Farm Layer R a t io n
o
Dry m a t te r  was determ ined  by d ry ing  in -vacuo  a t  70 C.
L ip id s  were determ ined  by methods o u t l in e d  i n  Appendix IV.
P e rc e n t  f a t t y  a o id s  and n o n - s a p o n i f ia b le  m a te r ia l  were computed 
on a  dry m a t te r  b a s i s .
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16 1 8 :0 183 :0TX '
I ' i g .  2» D ie ta ry  F a t t y  Acids I e ;a p la to » A l l  va lues  a r e  
r e c o rd e d  i n  mole. / p e rc e n ts  Traco amounts n o t  shown. D ie t D-2 
a l s o  c o n ta in e d  o f  what p l o t t e d  to  bo 1 8 :4 .  1 6 :x  a c id  i s
t o t a l  v a lu e  f o r  a l l  16 ca rbon  un sa tu .
D iet D-l
D ie t D-2
Farm Layer D iet
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i n d i c a t e  t h a t  t h i s  t e t r a e n e  was n o t  caused by th e  e x t r a c t i o n  
p rocess*  I t  a l s o  does no t show up i n  D ie t D - l .  I n  a l l  cases  D ie t 
D-l and D ie t D-2 were mixed c o n c u r r e n t ly .  This would r u l e  ou t the  
p o s s i b i l i t y  t h a t  a d i f f e r e n t  source  of f i s h  meal or soybean meal 
was t h e  c a u s e .  The in f lu e n o e  o f  th e  f a t t y  a c id s  from added ta l lo w  
i s  a p p a re n t .  When the m a jo r i ty  o f  th e  f a t t y  a c id s  a r e  coining from 
t a l l o w ,  a s  i n  t h e  farm r a t i o n  (&% added f a t ) ,  l a r g e r  molar p e r ­
cen tag es  of p a l m i t i c ,  s t e a r i o  and o l e i c  a c id s  a re  found . When the  
ta l lo w  c o n t r i b u te s  l e s s ,  th e n  th e  in f lu e n c e  o f  th e  co rn  o i l s  a r e  
no ted  as  in  th e  h igh  p e rc e n ta g e  o f  1 8 j  2 i n  D iet D-l compared t o  
a much lower percen tage  i n  th e  farm la y e r  r a t i o n .  S ince  a  sample 
o f  t h e  f a t t y  a c id s  from th e  u n e x t ra c te d  in g r e d i e n t s  used i n  D ie t 
D-2 was n o t  a n a ly z e d ,  no i n d i c a t i o n s  can  be made r e l a v e n t  t o  s e ­
l e c t i v e  removal o f  f a t s  by th e  e x t r a c t i o n  p ro c e s s .  I t  i s  n o te -  
Y/orthy, however, t h a t  l i n o l e i o  a c id  was th e  major f a t t y  a c id  
c o n s t i t u e n t  of D iet D-2. Molar p e rce n tag es  o f  the  major compon­
e n ts  o f  th e  u r in a r y  f a t t y  a c id s  a r e  shown g r a p h ic a l ly  i n  F ig u re  3A 
f o r  hens fe d  D ie ts  D - l ,  D-2 and the  farm la y e r  r a t i o n .  I n  a d d i t io n  
to  th o se  f a t t y  ac id s  shown i n  F igu re  3A, th e  u r in e  c o n ta in ed  t r a c e  
amounts o f  10 and 12 carbon s a tu r a t e d  and u n s a tu ra te d  a c i d s .
These u n s a tu r a te s  tended to  be d ienes and t r i e n e s  r a t h e r  th an  mo- 
n o e n e s .  The same was t r u e  f o r  t h e  14 carbon a c i d s .  The 16 carbon 
u n s a tu r a t e s  were m ostly  p a lm i to le io ;  how ever, here  a g a in  the  
d ienes  and t r i e n e s  were p r e s e n t  and m e asu ra b le .  F ig u re  3A shows 
the 14 and 16 carbon u n s a tu r a t e s  a s  a lumped v a lue  r a th e r  than  
s i n g l y .  The u r in a r y  f a t t y  a c id s  from hens on th e s e  feed in g
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regimes a r e  s u r p r i s i n g l y  s im i l a r  excep t f o r  s t e a r i o  and l i n o l e i c  
a c i d s .  The hens on D ie t D-l which co n ta in ed  4 .36  p e rc e n t  f a t t y  
a c i d s ,  of which l e s s  th a n  9 molar p e rc e n t  was a s t e a r i c ,  had a 
s t e a r i c  a c id  s e c r e t i o n  o f  a lm o s t  tw ice  t h a t  amount on a molar p e r ­
c e n t i l e  b a s i s .  Why th e y  sh o u ld  have s e c r e t e d  a l a rg e  amount of 
s t e a r i c  i n  com parison to  hens on d ie t s  c o n ta in in g  both  more o r  l e s s  
s t e a r i c  a c id  i s  u n e x p la in e d .  The major p o in t  o f  d ive rgence  i n  th e  
f a t t y  a c id  p r o f i l e  i s  i n  l i n o l e i c  a c i d  s e c r e t i o n .  Hens on the  
h ig h - f a t  farm  la y e r  r a t i o n  s e c r e t e d  over fo u r  tim es th e  p e rc e n ta g e  
o f  l i n o l e i c  a o id  a s  d id  hens on D ie t D-l and D-2. The a lm os t 
immediate e f f e c t s  o f  a d i e t a r y  f a t  in t a k e  change a re  shown in  
F ig u re  3B. The l e f t - h a n d  f u l l  ba r  i n  each group shows th e  f a t t y  
a c id  p r o f i l e  i n  t h e  u r in e  c o l l e c t e d  d u r in g  th e  tw en ty -fo u r  hour 
p e r io d  fo l lo w in g  enrichm ent o f  D ie t D-2 w ith  2 p e rc e n t  l i n o l e i c  
a c id  (ca Q&fa 1 8 :2 ) .  H ere ,  th e  major change i s  i n  t h e  l i n o l e i c  ac id  
e x c r e t io n  which f o r  t h i s  one-day p e r io d  was in c re a s e d  abou t e i g h t ­
f o l d .  F o llow ing  t h i s  one-day  i n c r e a s e ,  th e  p r o f i l e  im m ediate ly  
changed back to  one s im i la r  to  t h a t  b e fo re  t h e  r a t i o n  enrichm ent 
even though t h e  enrichm ent c o n t in u e d .  This second day p r o f i l e  i s  
shown by t h e  middle b a r  i n  F igure  3B. Although n o t  p l o t t e d ,  th e  
t h i r d  day p r o f i l e  was s im i la r  to  t h a t  o f  t h e  second day . The t h i r d  
o r  r ig h t -h a n d  b a r  i n  F igu re  3B shows t h e  e f f e o t s  o f  s h i f t i n g  from 
th e  farm l a y e r  r a t i o n  t o  D ie t  D-2. C o l l e c t io n  o f  u r in e  was s t a r t ­
ed about s ix  hours a f t e r  change i n  c o lo r  o f  f e o a l  m a t e r i a l .  This 
was e a s i l y  no ted  s in c e  t h e  e x t r a c t i o n  process  removed a lm o s t  a l l  
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i n  th e  l i n o l e i c  a c i d  c o n ten t  which dropped 26 to  6 molar percen t*  
The f a t t y  a c id  in t a k e  p r o f i l e  i s  in d ic a te d  by a heavy l i n e  on th e  
r i g h t  edge o f  each bar*  The p r o f i l e s  o f  th e  u r in a r y  f a t t y  a c id s  
from hens on D ie ts  D - l ,  D-2, D-2 en r iched  a f t e r  the  second day, 
and th e  h i g h - f a t  farm la y e r  r a t i o n  changed to  lo w - fa t  were a l l  
ve ry  s im i la r*
Table XI shows d a i l y  feed  i n t a k e ,  fece s  and u r in e  e x c re te d  
fo r  e l e c te d  hens on th r e e  d i e t s  f o r  v a ry in g  tim e p e r io d so  When 
the  d i e t s  were e n r ic h e d ,  th e  t o t a l  f eed  in t a k e  tended  to  decrease*  
This m ight have been caused by a p a l a t a b i l i t y  f a c to r  o r  by th e  
change i n  t e x tu r e  caused by th e  o i l  added* Sinoe th e  e n r ic h e d  
d i e t s  w ere on ly  fed  th r e e  days b e fo re  th e  hens were s a c r i f i c e d ,  i t  
oannot be assumed t h a t  t h i s  e f f e c t  would have been a l a s t i n g  p a t ­
t e r n  o f  consum ption . I t  w i l l  be no ted  t h a t  volume o f  u r in e  ex c re ­
ted  i s  in d iv id u a l  w i th  each h en ,  and between h e n s ,  th e  volume i s  
very  v a r ia b le  r a n g in g  from l e s s  th a n  200 grams d a i ly  t o  over 1000 
grams d a i ly *  With th e  e x c e p t io n  o f  th e  hens changed from th e  h ig h -  
f a t  (fa rm  l a y e r )  to  th e  lo w - fa t  d i e t ,  th e  change i n  d i e t  d id  no t  
g r e a t ly  a f f e c t  t o t a l  u r in e  e x c re t io n s  o r  t o t a l  u r in a r y  d ry  m a tte r*  
Dry m a t te r  c o n te n t  o f  th e  u r i n e ,  w h ile  v a r i a b l e  bo th  between hens 
and between d a y s ,  d id  no t  show as  g r e a t  v a r i a t i o n  as  d id  u r in a ry  
volume•
Table XU oompares t o t a l  f a t t y  a c id  in t a k e  w ith  f a t t y  a c id  
lo s s  v ia  f e c e s  and u r i n e .  Total f a t t y  a c id s  i n  th e  u r in e  were of 
r e l a t i v e l y  sm all q u a n t i t y .  The most n o ta b le  e f f e c t  was a g a in  the  
q u a n t i ty  o f  f a t t y  a c i d  i n  th e  u r in e  on the  day t h a t  D ie t D-2 was
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TABLE XI
SECRETION OF URINE BY SURGICALLY MODIFIED HENS
ON THREE DIETARY REGIMES
Hen
No.
D ie t D aily  Feed 
In ta k e
T o ta l  Feces 
Dry Weight
U r in a ry  E x c re t io n  
T o ta l  Dry M atter
pH
Grams Grams Grams Grams
24 D-l 97 30,3 160 7.21 6 .00
* 54 19 .0 124 3.66 6 .30
* 36 12 .9 50 4.69 6.92
* 67 25.4 74 5.44 6.18
7 D-2 144 24,1 182 10.04 5.75
* 83 12.8 142 7.12 6.30
* 84 13 .4 138 7.89 5.80
* 74 17.7 246 8.76 6.13
8 D-2 118 15 .0 433 9.56 6.24
* 99 19.5 500 8.09 6.24
♦ 106 22.5 655 6.18 6.40
* 1** 6 .8 258 3 .60 6.42
9 D-2 127 16.4 1042 8.16 6.62
* 117 20 .8 821 10.17 6.48
* 97 13 .4 1168 7.81 6.32
* 122 25.6 974 9.71 6.70
10 D-2 187 42 .8 391 12.17 6 .30
* 135 1 6 .0 364 9.91 6.20
* 111 12.8 373 8.84 6.30
* 114 31.6 381 8.04 6.72
1 FL*** 186.5 3.5 6.32
2 n — — 158 8.1 6.14
1 D-2 — — 369 9.5 6.21
2 n •a mrn 500 12.5 6.68
* I n d io a t e s  r a t i o n  supplem ented wi t h  2 p e rc e n t  l i n o l e i c  a c i d .
** Hen became s i c k .
*** Farm la y e r  r a t i o n
For hens 24, 7 and 8 f i r s t  i tem  i s  fo u r  day ave rage  va lue*
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e n r ic h e d  w i th  l i n o l e i c  a c i d .  Note hens 8 , 9 and 10 i n  p a r t i c u l a r .  
T o ta l u r in a r y  f a t t y  a c id  s e c r e t i o n  more th a n  t r i p l e d  f o r  t h i s  one 
day on ly  and r a p id l y  r e tu r n e d  to  ■values s im i la r  to  th o s e  b e fo re  
th e  en richm en t .  U r in a ry  f a t t y  a c id  da ta  from Tables XI and XII 
i s  exp ressed  a s  p e rc e n ta g e  o f  u r in a r y  dry m a t te r  i n  Table X I I I .  
Again i n  hens 8 ,  9 and 10 th e  e f f e c t s  no ted  p re v io u s ly  as  p e r ­
t a i n s  to  the  e f f e c t  o f  th e  d i e t  enriohm ent i s  o f  s i m i l a r  n a t u r e .  
For t h i s  one day (February  2 0 th )  th e r e  was a marked change i n  th e  
pe rce n tag e  o f  f a t t y  a o id  i n  t h e  u r i n e .
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TABLE X II
DAILY INGESTION OF FATTY ACIDS COMPARED TO
DAILY EXCRETIONS IN URINE AND FECES
Hen
No.
D ie t In g e s te d  






24 D-l* 3.7823 .5234 .0128
D-l** 3.0888 .3287 .0107
it 2.0592 .3934 .0115
it 3.8324 .6198 .0136
7 D-2* 1.1009 .2839 .0167
D-2** 2.1746 .1689 .0117n 2.2008 .1983 .0107
it 1 .9388 .2708 .0088
8 D-2* 0.9086 .2938 .0098
D-2** 2.5938 .3471 .0597it 2.7772 .3690 .0231
It r e f u s e d  feed ♦ 2120 .0174
9 D-2 0.9779 .2306 .0151
D-2** 3.0654 .2870 .0539
H 2.5414 .2238 .0173
t l 3.1964 .2790 .0148
10 D-2 1.4399 .5490 .0098
D-2** 3.5370 .3392 .0304
it 2 .9082 .2266 .0099it 2.9868 .4514 .0105
* Four day av e ra g e  p r i o r  t o  d i e t  change.
** Two p e ro en t  l i n o l e i c  a c id  added  to  d i e t .
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TABLE X III
URINARY FATTY ACID EXCRETIONS EXPRESSED AS A PERCENTAGE OF TOTAL 
URINARY DRY MATTER BY INDIVIDUAL HENS
Date
24 7 8




Feb . 14 .17 .16 t — —
Feb. 15 .29 .20 .14 — —
Feb. 16 .15 .16 .09 — —
Feb. 19 .12 .09 .10 .19 .08
Feb. 20 .29 .17 .74 .53 .31
Feb. 21 .25 .13 .37 .22 .11
Feb. 22 .25 .10 .48 .15 .13
May 11 .43 .14
May 13 .09 .06
N o n -sa p o n if iab le  m a t te r  i n  u r in e  samples ranged from a t r a o e  
which was n o t  m easurable  a c c u r a t e l y  to  a h igh  o f  0.095 p e rc e n t  
w ith  t h e  average  around 0 .06  p e r c e n t .
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DISCUSSION
The e x t r a c t i o n  techn iques  employed to  reco v e r  the  f a t t y  ao id s  
from v a r io u s  samples may give va lues  which appear a t  v a r ia n c e  w ith  
o th e r  methods o f  l i p i d  e x t r a c t i o n .  These v a lu es  a re  f o r  t o t a l  
f a t t y  a o id s  r a t h e r  th an  fo r  t o t a l  l i p i d s .  I n  oases where th e  
l i p i d  i s  p r im a r i ly  i n  the  g l y o e r i d e - f a t t y  a c id  e s t e r  fo rm , th e  
v a lues  shou ld  n o t  vary  g r e a t l y .  The h y d ro ly s is  r e a o t io n  u sed  i n  
t h i s  s tu d y  i s  s t ro n g  enough to  remove a lm ost a l l  t i g h t l y  bound 
f a t t y  a c i d s ,  th e re b y  r e l e a s in g  f a t t y  a c id s  no t reoovered  by o th e r  
m ethods•
The v a lu e s  o b ta in e d  h e re  f o r  th e  t o t a l  f a t t y  ac id  c o n te n t  of 
th e  u r in e  do n o t  ag re e  w i th  t h e  v a lues  r e p o r te d  by Mehring e t  a l  
(1961) nor by Edwards et_ ed ( I9 6 0 ) ;  however, th e y  r e p o r te d  on 
t o t a l  l i p i d  c o n te n t  r a th e r  th a n  f a t t y  a c i d s .  Edwards et_ efl (1961) 
f r a c t i o n a t e d  t h e i r  l i p i d s  on a  s i l i c i c  a c id  column and found a 
la rg e  p a r t  o f  t h e  l i p i d  i n  f r a c t i o n s  o th e r  than  th e  m onoglyceride ,  
d ig ly o e r id e  and t r i g l y c e r i d e  p o r t i o n .  This w ould , o f  c o u r s e ,  ex­
p l a in  p a r t  o f  t h e  d i f f e r e n c e  i n  q u a n t i t i e s .
Hens fe d  a  r e l a t i v e l y  h i g h - f a t  d i e t  such a s  t h e  L ou is iana  
S t a t e  U n iv e r s i t y  P o u ltry  Farm la y e r  r a t i o n  whioh co n ta in s  9 .3 0  p e r ­
c e n t  f a t t y  ao id s  d id  no t s e c r e t e  g r e a t e r  q u a n t i t i e s  o f  f a t t y  a c id s  
i n  th e  u r in e  th a n  d id  hens on d ie t s  o f  lower f a t t y  a c i d  c o n t e n t .  
R e fe r r in g  to  Table X I I I ,  i t  i s  no ted  t h a t  hens 1 and 2 on May 1 1 th ,  
a t  whioh t im e  th e se  hens were on th e  farm  la y e r  r a t i o n ,  e x c re te d  
f a t t y  a c id s  i n  t h e i r  u r in e  i n  p e rc e n ta g e  oomparable to hens 7 ,  8,
36
9 and 10 whioh were f e d  on 0 .9  p e rc e n t  o r  4 .3 6  p e rc e n t  f a t t y  a c id  
c o n ta in in g  r a t i o n s .  Hens t h a t  had been r a i s e d  on th e  e x t r a o te d  
d i e t  and th en  sudden ly  g iven th e  same d i e t  en r ich ed  w ith  2 p e rc e n t  
l i n o l e i o  a c id  a p p a r e n t ly  were unab le  to  u se  a l l  th e  a d d i t i o n a l  f a t  
t h a t  was a b so rb e d .  Hens 8 ,  9 and 10 i n  p a r t i c u l a r  showed a  d e f i ­
n i t e  p a t t e r n  when fe d  th e  e n r ic h e d  d i e t .  There was no marked 
change i n  t o t a l  f e c a l  f a t t y  a c i d  w hether th e  hen in g e s te d  0 .9  
grams f a t t y  a c id  o r  4 .  p lus grams. On th e  f i r s t  day o f  t h e  en­
r ic h e d  d i e t  the  u r in a r y  f a t t y  a c i d  c o n ten t  a lm o s t  t r i p l e s ,  t h e n ,  
even though th e  hens con tinue  consuming th e  en r iched  d i e t ,  th e  
u r in a r y  f a t t y  a c i d  c o n te n t  r e t u r n s  to  an  amount a p p a r e n t ly  i n d i v i ­
dual to  t h a t  p a r t i c u l a r  hen . This p ic tu r e  was f u r th e r  sup p o r ted  
by an a n a l y s i s  o f  th e  f a t t y  a c id s  i n  t h e  u r i n e .  Note i n  F ig u re  3A 
t h a t  hens on D iet D-2 were s e c r e t i n g  le s s  th a n  10 molar p e rc e n t  
o f  t h e i r  u r in a r y  f a t t y  a c id s  as  l i n o l e i c  a c i d .  On F ebruary  2 0 th ,  
whioh was th e  d a te  o f  the  l i n o l e i c  a c id  a d d i t i o n ,  th e  p e rc e n ta g e  
o f  l i n o l e i c  a c id  i n  t h e  u r in e  made a marked change (see  F igu re  3B). 
On th e  2 1 s t ,  i t  had dropped baok to  p ro p o r t io n s  s im i la r  t o  th o se  
on th e  1 9 th .  Hens t h a t  were r e c e iv in g  D ie t D -l which c o n ta in e d  
4 .36  p e rc e n t  f a t t y  ao id s  d id  n o t  show a  response  to  t h e  two p e r -  
oen t added l i n o l e i o  a c i d .  I t  i s  a l s o  i n t e r e s t i n g  t o  n o te  th e  
re sponse  o f  hens 1 and  2 to  D ie t  D-2 i n  l e s s  th a n  f o r t y - e i g h t  
h o u r s .  On Way 1 0 th ,  t h e i r  u r in a r y  l i n o l e i o  a o id  c o n te n t  was 33.9 
and 19 .5  m olar p e rc e n t  r e s p e c t f u l l y .  On th e  1 3 th ,  th e  f a t t y  a c id  
p r o f i l e  o f  th e se  two hens was s i m i l a r  to  hens V, 8 , 9 and 10; th e  
l a t t e r  having  been  r a i s e d  on D ie t D-2. I t  i s  p o s s ib le  t h a t  the
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f a t t y  a c id  p r o f i l e  o f  t h e  hens on the  e x t r a o te d  d i e t  i s  r e p r e ­
s e n ta t i v e  o f  endogenous m etabo lic  f a t t y  a c id  ex o re t io n #  I f  t h i s  
be the  c a s e ,  th e n  v a r i a t i o n s  th e re f ro m  may be co n s id e re d  as  r e ­
p re s e n t in g  in t a k e  e f f e o t s .
S ince l i n o l e i c  a c i d  i s  an  e s s e n t i a l  f a t t y  a c i d  f o r  some a n i ­
m a ls ,  t h i s  ev idence  might be c o n s t ru e d  to  i n f e r  t h a t  i n  th e  c h ic k ­
en l i n o l e i o  a c i d  i s  s u b s t r a t e  f o r  a s p e c i f i c  enzyme system and 
t h a t  t h i s  sudden i n f l u x  o f  l i n o l e a t e  was g r e a t e r  th a n  t h a t  whioh 
th e  enzyme system p r e s e n t  oould hand le  o r  f o r  whioh th e r e  was a 
need i n  th e  body. The l a t t e r  id e a  i s  supported  b y  th e  d a ta  ob­
ta in e d  from th e  hens on th e  farm l a y e r  r a t i o n .  T heir  normal 
l i n o l e i c  a c i d  s e c r e t io n  was a p p a re n t ly  no rm ally  h ig h ;  y e t ,  when 
th e  d i e t  was d r a s t i c a l l y  reduced  i n  f a t  c o n te n t ,  th e  main e f f e c t  
was to  change the  p r o f i l e  o f  f a t t y  a o id s  e x c re te d  t o  co rrespond  
to  t h a t  o f  hens c o n t in u a l l y  on a lower f a t  reg im e . This change 
took p la ce  so r a p id l y  t h a t  t h e i r  body s to r e s  cou ld  n o t  have been 
m a t e r i a l l y  changed . This e f f e c t  cou ld  a l s o  in d i o a t e  on ly  t h a t  
th e  k idney  th r e s h o ld  fo r  f a t t y  a c id s  r e q u i r e d  an  ad ju s tm en t 
p e r io d  s in c e  th e  use was o f  such s h o r t  d u r a t i o n .
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SUMMARY
These d a ta  show t h a t  w h ile  f a t t y  a c id s  a r e  d e f i n i t e l y  a  meas­
u ra b le  p a r t  o f  ch icken  u r i n e ,  they  a r e  on ly  a  minor p e rce n tag e  o f  
the  t o t a l  d ry  m a t te r  and i n  no way appear  i n  a s  l a rg e  p e rc e n ta g e  
as  has been  in d i c a te d  b y  o th e r  re s e a rc h  w o rk e rs .
U rina ry  f a t t y  a c id  e x c r e t io n s  were d e f i n i t e l y  a f f e o t e d  by 
ohanges i n  d i e t .  HenB on d i e t s  c o n ta in in g  0 .9  p e rc e n t  and 4 .3S  
p e rc e n t  f a t t y  a c id  s e c r e te d  f a t t y  ao id s  i n  t h e i r  u r in e  i n  amounts 
in d iv id u a l  f o r  eaoh hen v a ry in g  s l i g h t l y  between h e n s .  The p r o f i l e  
o f  th e s e  f a t t y  a c id s  appeared  to  be r a t h e r  r i g i d l y  s i m i l a r  i n  a l l  
th e  hens on th e  low or medium f a t  d i e t s .  Hens on h igh  f a t  d ie t s  
s e c r e t e  f a t t y  a c id s  w i th  a d i f f e r e n t  p r o f i l e ,  b u t  t h i s  same r i g i d  
lo w - fa t  p r o f i l e  i s  r a p id ly  a t t a i n e d  when th e s e  hens a r e  p la ced  on 
lo w - fa t  d i e t s .  'There a l s o  appea red  to  be a d e f i n i t e  change o f  one 
day d u r a t io n  i n  p r o f i l e  and q u a n t i t y  o f  f a t t y  a c id s  i n  th e  u r in e  
o f  hens on th e  0 .9  p e rc e n t  d i e t  when t h i s  d i e t  was e n r ic h e d .  O ther 
th a n  f o r  t h e  one-day e f f e c t ,  t o t a l  f a t  i n t a k e  did no t  ap p e a r  to  be 
r e l a t e d  to  t o t a l  u r in a r y  f a t t y  a c i d  s e c r e t i o n .  I n  no c a se  was the  
t o t a l  d ry  w eigh t p e rc e n ta g e  o f  f a t t y  a o id s  equa l to  one p e rc e n t  
o f  the  u r in a r y  dry m a t te r  nor d id  i t  exceed 60 m ill ig ram s  i n  w e ig h t .
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D. D ie ta ry  In f lu e n c e s  on Egg Yolk F a t ty  A c id s .
I t  has been known f o r  sometime t h a t  d i e t  p layed  an  im p o r tan t  
r o l e  i n  th e  type  o f  f a t  found i n  f a t  d e p o t s .  E l l i s  and I s b e l l  i n  
1926 r e p o r te d  t h a t  d i e t  a f f e c t e d  th e  d ep o t f a t s  o f  p i g s .  C ru ick -  
shank (1934) f i r s t  showed t h a t  t h e  com position  o f  th e  egg l i p i d s  
c o u ld  be changed by d i e t .  She was a b le  to  e l e v a te  t h e  l i n o l e i c  
a c i d  c o n te n t  from f i f t e e n  p e rc e n t  i n  th e  c o n t ro l  d i e t  eggs t o  f o r t y "  
two p e rc e n t  i n  eggs from hens f e d  hemp seed  or hemp o i l *  The t o t a l  
f a t  c o n te n t  o f  the  yolk  rem ained a c o n s t a n t .  R e is e r  (1951) p laoed  
hens on f a t - i n t a k e - c o n t r o l l e d ,  sen ri .-pu rif ied  d i e t s  and found t h a t  
th e  h ig h ly  u n s a tu ra te d  f a t s  d isap p ea red  from th e  yo lks  i n  th e  no­
f a t  f e e d in g  r e g im e s .  L in o le ic  a c id  dropped to a low p la te a u  and 
rem ained t h e r e .  This caused him to  p ropose  t h a t  hens can s y n th e ­
s i s e  l i n o l e i c  a c i d .  R iem enschneider a t  a l  (1938) in v e s t ig a t e d  th e  
f a t t y  a c i d  co m p o s i t io n  o f  egg yolks from hens on a r e p r e s e n t a t i v e  
d i e t  f o r  t h a t  p e r io d .  R a t ty  a c id s  were i d e n t i f i e d  by l e a d - s a l t  
a lc o h o l  s e p a r a t io n  and f r a c t i o n a l  d i s t i l l a t i o n .  T heir  f in d in g s  
were i n  agreem ent f o r  t h e  most p a r t  w ith  o th e r  workers o f  th e  
tw e n t ie s  and th e  t h i r t i e s  who showed th e  io d in e  number o f  th e  y o lk  
f a t  cou ld  be changed by th e  d i e t .  T i tu s  e t  a l  1933 were a b le  t o  
show t h a t  by th e  use  o f  crab  meat as a p r o t e i n  source  th e  p r o t e i n  
o o n te n t  o f  th e  egg yolk  was changed.
P r im a r i ly  based  on need f o r  in fo rm a t io n  on th e  e f f e c t s  of 
h i g h - f a t  a d d i t i o n  to  p o u l t r y  d i e t s ,  r e c e n t  w orkers  have oonoerned 
them selves w i th  e f f e c t s  o f  added f a t s .  H ig h - f a t  a d d i t io n s  to
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p o u l t ry  r a t i o n s  a r e  an  i n t e g r a l  p a r t  o f  red u c in g  the  feed  tonnage 
in  com parison to  th e  u l t im a te  e d ib le  p roduct*  F isher  and  L e v e i l l e  
(1957 a ,  b )  added tw enty  to  t h i r t y  p e rc e n t  f a t  to  la y in g  hen 
r a t i o n s ;  L e v e i l l e  and F is h e r  (1958) supplem ented a p r a c t i c a l  c o rn -  
soya d i e t  w i th  t e n  p e rc e n t  co rn  o i l  o r  t a l l o w ;  and Feigenbaum and 
F ish e r  (1959) p a r t i a l l y  d e p le te d  t h e i r  hens from th e  e f f e c t s  o f  a 
p r a c t i c a l  ty p e  d i e t  by u s in g  a two week d e p l e t i o n  p e r io d  on a 
s e m i - p u r i f ie d  s y n t h e t i c  d i e t  b e fo re  adding  t e n  p e rc e n t  o f  o i l s  to  
t h e  d ie t*  Wheeler e t  a l  (1959) added o i l s  which c o n t r ib u te d  6*4 
to  69 p e rc e n t  o f  t o t a l  energy i n  th e  d ie t*  Evans e t  a l  (1960) 
added f r a c t i o n s  o f  c o t to n s e e d  o i l  to  a n a t u r a l  d i e t .  The genera l 
p a t t e r n  e s t a b l i s h e d  as  r e g a rd s  egg f a t t y  a c id s  i s  t h a t  th e  p e r ­
cen tage  o f  s t e a r i c  a c i d  remains c o n s ta n t  and t h a t  th e  a d d i t i o n  o f  
u n s a tu r a t e d  f a t  to  t h e  d i e t  changes th e  u n s a tu r a te d  f a t s  of the  
egg . I t  appeared  d e s i r a b l e  to  s tu d y  th e  f a t t y  a c i d  s y n th e s iz in g  
a b i l i t y  o f  th e  la y in g  hen t h a t  had been  r a i s e d  on a n a tu ra l  type  
ex trem ely  lo w - fa t  d i e t .
Commercial type  d ay -o ld  la y e r  p u l l e t s  were o b ta in e d  on May 
31, 1961, and r a i s e d  on a low f a t  d i e t ,  D ie t D-2 (Table  I ) .  A 
c o n t ro l  d i e t ,  D ie t  D-l (Table I ) ,  i s o c a l o r i c  and i s o n i t r o g e n o u s , 
was f e d  to  a  s im i l a r  group o f  b i rd s *  The r a t i o n s  were n o t  changed 
th roughou t th e  e n t i r e  problem* The p u l l e t s  s t a r t e d  la y in g  i n  
October and were housed i n  la y in g  pens i n  November. R e p re se n ta ­
t i v e  hens were s e l e c t e d  a t  time o f  h o u s in g .  These b i r d s  were 
s u r g i c a l l y  m odified  a f t e r  th e  method of Dixon (1958) du ring  the  
l a s t  week i n  November. Q u a n t i t a t i v e  c o l l e c t io n s  of u r in e  and
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f e c e s  were made on December 4 t h ,  5 th  and 6 th ,  1961, and a g a in  from 
F ebruary  14th  th rough  F ebruary  22nd, 1962* R e s u l t s  o f  a n a ly s i s  o f  
u r in a r y  e x c r e t io n  of f a t t y  a c id s  w ere  r e p o r te d  i n  S e c t io n  C. On 
February  2 0 th ,  D ie ts  D-l and D-2 were e n r ic h e d  by  th e  a d d i t i o n  o f  
two p e rc e n t  l i n o l e i c  a c id  (89,5?£), Three hens (8 ,  9 and 10) on 
D ie t  D-2 which were m od if ied  i n  November were used  i n  th e  F ebruary  
t r i a l s *  They w e re ,  and had been s in c e  th e  end o f  November, i n  a 
hagh s t a t e  c r  p roduc tion*  At the  end o f  th e  t r i a l  on February  23rd , 
a l l  hens were s a c r i f i c e d *  No gross  l e s i o n s  were n o te d  i n  th o se  
hens r a i s e d  on th e  e x t r a c t e d  d ie t*  This t r i a l  a l s o  in c lu d ed  two 
newly m od if ied  h e n s ,  hen 24 from D ie t D-l and hen 7 from D ie t D-2* 
Eggs l a i d  by hens on t h i s  t r i a l  w hich were saved and an a ly zed  
a re  reco rd ed  i n  Table XIV showing hen ,  d i e t ,  hour l a i d  w i th  r e ­
f e re n c e  to  d i e t  enrichm ent w i th  l i n o l e i c  a c i d ,  wet yolk  w eigh t 
and p e rc e n t  o f  f a t t y  a c id s  on a w et b a s is *  No dry  w eigh t d e t e r ­
m ina tions  w ere made on th e s e  samples as  whole y o lk  was f a t  ex­
t r a c t e d ;  however, t e s t s  ru n  on eggs from same hens f o r  e a r l i e r  
l a i d  eggs averaged  f i f t y  p e rc e n t  dry m a t t e r .  The f a t t y  a c id  p e r ­
cen tage  o f  a l l  yolks from th e s e  eggs was c lo s e  to  t h i r t y  p e r c e n t .  
This was even t r u e  f o r  egg 7-72 whioh was a r a t h e r  sm all egg . The 
f a t t y  a c id  te m p la te  o f  th e  yolks o f  each of th e s e  eggs i s  shown 
i n  t a b u la r  form i n  Table XV, The f a t t y  a c id  te m p la te s  o f  th e  eggs 
from hens on th e  e x t r a c te d  d i e t  were n o t i c e a b l e  f o r  t h e i r  laok  o f  
t r a c e  amounts o f  h ig h ly  u n s a tu r a t e d  C ^ a n d  C ^ g fa t ty  a o i d s .  No 
l i n o l e n i o  a c id  was n o te d .  Hen 24 was on D ie t D-l and th e s e  yo lks  
showed t r a c e  amounts o f  th e  and C^g u n s a t u r a t e s .  The major
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TABLE XIV
DATA ON EGGS LAID BY HENS DURING CHANGE OF DIETARY FATTY ACID INTAKE
I Gross A naly s is
Hen D ie t Time Egg Laid Yolk Wet Wt. P eroen t
No, Hours* i n  Grams F a t t y  Acid
24 D-l -24 16.8 30.24
6 16.4 30.57
72** 17.8 29.86
7 D-2 -  4 17.6 30.06
50 18.2 29.66
72** 11.1 30.30
9 D-2 18 18.1 30.21
40 17.5 30.11
72** 17.9 30.58
10 D-2 -  6 19.1 29.80
19 18.1 28.97
40 18.7 30.18
* Time i s  r e l a t e d  to  2 :00  P .  M. Feb ruary  20, 1962, a t  whioh 
tim e r a t i o n s  were e n r ic h e d  w ith  2% l i n o l e i c  a o i d .
** F u l ly  s h e l l e d  egg removed from o v id u c t  a t  c lo se  o f  experim en t .
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TABLE XV
DATA ON EGGS LAID BY HENS DURING CHANGE OF DIETARY 
FATTY ACID INTAKE




14 :0 14:2 14:3 16:0
F a t t y  Acids 
16:1  16:2  16:3  18:0 18:1 18:2
24 -24 .62 t t 28.13 5.49 t t 9 .15 42.11 13.90
6 .70 t t 26.92 7.84 t t 8 .23 41.69 15.61
72 .72 t t 28.11 4 .55 t t 7 .49 41.65 16.85
7 -  4 •45 26.89 4 .0 4 9.56 53.17 5 .88
50 •44 26.34 4.53 9.53 50.42 8.74
72 .47 26.78 4.92 10 .00 48.84 8.82
9 18 .38 25.72 6.04 8.14 53.96 5.76
40 .39 26.75 5.61 8 .20 51.82 7.22
72 .50 25.97 6.03 8.27 50.95 8.26
10 -  6 .45 28.47 6 .40 8.03 51.30 5.35
19 .32 22.99 6.77 8 .80 55.39 5.71
40 .38 28 .40 5.95 8.13 50.84 6.29
* Eggs a r e  i d e n t i f i e d  h e re  to  i n d i c a t e  the  i d e n t i c a l  egg as l i s t e d  
under the  t im e  oolumn o f  Table XIV.
t  I n d i c a t e s  t r a o e —u s u a l l y  no l a r g e r  than  o n e - fo u r th  o f  s m a l le s t  
amount a c i d  r e c o rd e d .
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v a r i a t i o n  i n  th e s e  eggs was to  be found i n  th e  1 8 :1 and 18:2 
f a t t y  a c i d s .  The lo w - f a t  d i e t s  av e ra g in g  j u s t  under s i x  molar 
p e r c e n t  l i n o l e i c  a c i d  w h i le  th e  o th e r  r a n  s l i g h t l y  over t h i r t e e n  
p e r o e n t .  This d a ta  i s  shown more c l e a r l y  i n  Table XVI. I t  w i l l  
be n o te d  t h a t  th e  sum o f  th e  18: 1 and 18:2  f a t t y  a c id  i s  the  
same f o r  a l l  t h r e e  reg im es .
TABLE XVI
AVERAGE FATTY ACID COMPOSITION OF EGG YOLKS FROM HENS 
ON THREE DIETARY REGIMES
D ie t FA#
14:0 14:2 14:3
F a t ty  Acids 




18 :0  18:1 18:2
D-l 4 .36 .65 t t 27.52 6.07 t t 8.77 44 .86 13.09
D-2 0.90 .41 26.12 5.55 7.63 52.85 5.68
FL* 9 .30 .85 t t 26.81 5.19 t t 8.23 45.09 13.44
Averages based  on 25 o r  more yo lk s  pooled  and mixed from each d i e t .  
* Farm Layer R a t io n ,  
t  I n d i c a t e s  t r a c e  am ounts .
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DISCUSSION
I t  i s  i n t e r e s t i n g  to  n o te  the  s i m i l a r i t y  i n  f a t t y  a c id s  o f  yolks 
from th r e e  d i e t a r y  regim es (Table XVI) w i th  th e  e x c e p t io n  o f  th e  
molar p e rc e n t  o f  l i n o l e i c  and o le ic  a c i d s .  I t  i s  a l s o  no ted  t h a t  
th e  t o t a l s  f o r  th e  s a t u r a t e s  found i n  D ie t  D-2 egg yo lks  i s  s l i g h t l y  
l e s s  th a n  f o r  e i t h e r  o f  th e  o th e r  reg im es .  This d i f f e r e n c e  i s  
p o s s ib ly  due to  ex p er im en ta l  e r r o r .  A gain , i n  Tab le  XV, i t  i s  hard  
to  say w hether  o r  n o t  th e  in c r e a s e  i n  l i n o l e i c  a o id  found i n  eggs 
l a i d  a f t e r  th e  d i e t  change i s  a  t r u e  change . This i s  e s p e c i a l l y  
t r u e  w i th  hen 24. I t  i s  u n l i k e l y  t h a t  t h e  egg l a i d  s ix  hours a f t e r  
th e  d i e t  ohange should  show a change i n  l i n o l e i c  a c i d .  I n  th o s e  
eggs l a i d  f o r t y  o r  more hours a f t e r  the  change o f  d i e t ,  th e  d i f f e r ­
ence i n  th e  l i n o l e i c  a o id  c o u ld  b e  and , no doub t,  i s  a r e a l  d i f f e r ­
e n ce .  I t  appears  l i k e l y  t h a t  th e  changes no ted  i n  th e  eggs l a i d  
l a t e  i n  the  p e r io d  r e f l e c t  a t r u e  change i n  f a t t y  a c id  te m p la te .
As m entioned e a r l i e r ,  hens 8 ,  9 and 10 were i n  a h igh p ro d u c t iv e  
s t a t e  f o r  t h e  p e r io d  o f  tim e th e y  were o b se rv ed .  Data from hen 8 i s  
n o t  in c lu d e d  i n  Tablex XIV and XV because  sh e  r e fu s e d  a l l  f e e d  and 
w a te r  on th e  l a s t  day o f  th e  t r i a l  (exam ina tion  a f t e r  th e  t r i a l  
ended d i s c lo s e d  t h a t  she had a r u p tu r e d  y o lk  i n  he r  abdominal c a v i t y ) .
During th e  p e r io d  November 24, 1961, th rough February  22, 1962, 
when th e s e  hens w ere  under c lo s e  o b s e r v a t io n ,  and f o r  abou t e ig h ty -  
f i v e  o f  th o se  n in e ty -o n e  days were s u r g i c a l l y  m o d if ie d ,  t h e i r  p ro ­
d u c t io n  r e c o rd  was as  in d i c a t e d  i n  Table XVII.
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TABLE XVII
PRODUCTION OF SELECTED HENS OVER A NINETY-ONE DAY 
PERIOD FED DttET D-2
Hen I n i t i a l  W t. F in a l  Wt. Eggs Gms. F a t ty *
Grams Greuns L aid  Acids i n  Yolks
8 1550 1360 67 321
9 1739 1670 73 394
10 1620 1660 71 393
* Flatty a c id s  c a l c u l a t e d  on b a s i s  o f  t h i r t y  p e rc e n t  o f  yolk  
w e ig h t .  Yolk w eigh ts  based  on av e rag es  of eggs from th e s e  
hen eggs which w ere broken  o u t .
Feed consumption o f  th e s e  t h r e e  b i r d s  has been  e s t im a te d  based  on 
q u a n t i t a t i v e  v a lu es  o b ta in e d  p e r i o d i c a l l y .  C a lc u la te d  feed  con­
sum ption , t o t a l  f a t t y  a o id  consum ption and f a t t y  a o id  lo s s e s  o r  
e x c r e t io n  i n  f e o e s ,  u r in e  and eggs i s  shown i n  Table X V III .
TABLE XVIII
CONSUMPTION AND LOSS OR EXCRETION OF FATTY ACIDS FOR A NINETY-ONE 
DAY PERIOD BY THREE HENS ON DIET D-2
Hen E s t .  Feed T o ta l  F a t t y  F a t ty  Acid Loss
No. Consumed Aoid I n ta k e  U rine  Feces Eggs
Grams Grams Grams Grams Grams
8 10283 79.18 .892 26.74 321 .0
9 9282 71.50 1.374 20.98 394.0
10 10738 82.60 .892 31.49 393.0
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Table XIX d e p ic ts  th e  l i n o l e i c  a o id  in t a k e  and lo s s e s  f o r  th e  same 
n in e ty -o n e  day p e r io d .
TABLE XLX
CONSUMPTION AND LOSS OR EXCRETION OF LINOLEIC ACID
Hen T ota l L in o le ic  
Acid In ta k e
L in o le ic  Acid Losses 
U rine  Feoes Yolk
Net
Grams Grams Grams Grams Grams
8 22.08 0.054 5.61 19.12 -2 .7
9 19.92 0.082 4.83 23.42 -8 .4
10 23.00 0.054 4.39 23.38 -4 .8
The t o t a l  in ta k e  o f  f a t t y  a c id s  minus t h a t  l o s t  i n  feoes  and u r in e  
i s  a n e t  o f  app ro x im ate ly  f i f t y  grams f o r  each hen f o r  th e  n in e ty -  
one day p e r io d .  H ir ing  t h i s  same time t o t a l  o v a r ia n  f a t t y  a c id  
e x o r e t io n  was w e l l  over s i x  tim es t h i s  v a lu e .  R u sse l  e t  a l  (1941) 
r e p o r te d  on s im i la r  s tu d ie s  o f  th r e e  and fo u r  day d u r a t io n  u s in g  
a  fo u r  to  f iv e  p e rc e n t  f a t  d i e t  and found t h a t  heavy producing  
hens r e a d i l y  went i n t o  a n e g a t iv e  f a t  b a la n c e .  They a l s o  fed  a 
v ery  lo w - f a t  r a t i o n .  S ince  t h e i r  lo w - fa t  r a t i o n  fo llo w ed  a normal 
r a t i o n ,  t h i s  may e x p la in  a g r e a t  body w e igh t lo ss  which they  r e ­
p o r te d .  They d id  no t  r u l e  o u t  th e  p o s s i b i l i t y  t h a t  body f a t s  were 
used i n  making y o lk  f a t s .  In  th e  t r i a l  a t  hand th e r e  was a c t u a l l y  
v e ry  l i t t l e  change i n  body w e ig h t o f  any o f  th e  t h r e e  hens f o r  th e  
t h r e e  month p e r io d .  One must conclude t h a t  the  hen has good f a t  
s y n th e s iz in g  c a p a b i l i t i e s .  As d e p ic te d  by Table XIX, th e  l i n o l e i c
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a o id  p i c t u r e  i s  no t  so c l e a r  c u t  as th e  o v e r a l l  f a t  p i c t u r e .  While 
a l l  b i r d s  showed a n e g a t iv e  b a la n c e  f o r  l i n o l e i c  a c id  a t  t h e  end 
o f  t h e  n in e ty -o n e  day p e r io d ,  the  q u a n t i t i e s  a re  n o t  so g r e a t  b u t  
t h a t  th e y  cou ld  have been  removed from body s t o r e s .  I f  one u ses  
an average  f ig u re  o f  f i f t e e n  pounds o f  feed  needed to  r a i s e  a 
Leghorn to  th r e e  and o n e -h a l f  pounds from h a t c h ,  th e n  th e s e  hens 
consumed a n o th e r  b h i r te e n  p lus  grams o f  l i n o l e i c  a c id  each .  I f  
u r in a r y  and  f e c a l  lo s s e s  were s im i l a r  i n  th e  growing p e r io d  as  
du r in g  th e  t r i a l ,  t h i s  lo s s  would have been  abou t 4 .5  grams. This 
would le av e  a n e t  o f  p lu s  8 .5  grams p o s s ib ly  s to r e d  in  th e  body 
a t  the  b eg in n in g  o f  th e  t r i a l .  I f  th e se  t h r e e  hens had co n t in u ed  
t h e i r  same r a t e  o f  l a y ,  feed  consumption and f a t  l o s s ,  th e y  would 
have m a in ta in ed  a d a i ly  d e f i c i t  o f  75 mg. o f  l i n o l e i c  a c i d .  On 
t h i s  b a s i s  i t  would have taken  hen 7 sev en ty -sev e n  days to  be 
devoid  o f  l i n o l e i c  a c id  on a b a la n c e  b a s i s .  Hen 8 was p r a o t i c a l l y  
a t  the  n u l l  p o in t  when the  t r i a l  ended and hen 10 would have had 
to  co n t in u e  la y in g  f o r  abou t f i f t y  more d a y s .  S i s t e r  hens o f  
th e s e  t h r e e ,  la y in g  a t  app rox im ate ly  th e  same r a t e ,  were m ain ta ined  
on D ie t D-2 fo r  a n o th e r  f i f t y - n i n e  d ay s .  Ho i l l  e f f e c t  were notedo 
C o n s id e ra t io n  o f  t h i s  d a ta  would oause one to  propose t h a t  a la y in g  
hen can s y n th e s iz e  a t  l e a s t  55 mg. o f  l i n o l e i c  a o id  d a i ly  i f  fed  
a com plete p r a c t i c a l  ty p e  d i e t  t h a t  i s  low i n  f a t .
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SUMMARY
The in f lu e n c e  o f  th r e e  d i e t a r y  regim es on egg yo lk  f a t t y  a c id s
has been  s tu d ie d .  D ie ts  c o n ta in in g  e i t h e r  4 .36  or 9*30 pe rce n t
f a t t y  a c id  on a  d ry  w e igh t b a s i s  produced eggs w ith  i d e n t i o a l  f a t t y  
a c id  t e m p la te s .  This could  have been ex p ec ted  s in c e  th e  f a t t y  a c id  
te m p la te s  o f  th e s e  two d i e t s  were very  s i m i l a r  (see  F ig u re  2 ) .  A 
lo w - f a t  d i e t  c o n ta in in g  0 .90  p e r c e n t  f a t t y  a c id s  produced eggs 
whose q u a n t i t y  o f  yo lk  f a t t y  a c id s  were unchanged b u t  whose p r o f i l e  
d i f f e r e d  f o r  th e  most p a r t  i n  th e  o l e i c  and l i n o l e i c  a o id  c o n te n t .  
The lo w - fa t  d i e t  caused a r e d u c t io n  i n  th e  l i n o l e i c  c o n te n t  o f  the  
yolk  to  l e s s  than  s ix  molar p e rc e n t  oompared to  over t h i r t e e n  
molar p e rc e n t  f o r  th e  more normal d i e t s ;  th e  r e d u c t io n  i n  l i n o l a t e  
b e in g  made up by a  co rrespond ing  in c r e a s e  i n  o l e i c  a c i d .
The t h r e e  hens r e p o r te d  on had consumed an ave rage  o f  78 grams
o f  f a t t y  a c id s  d u r in g  the  c o u rse  o f  the  n in e ty -o n e  days th e y  were
under c lo s e  o b s e r v a t io n ,  had l o s t  an  av e rag e  o f  31 grams th rough 
f e c e s  and u r in e  and had produced 370 grams o f  f a t t y  a c id  i n  egg 
y o lk s .  This would average  c lo s e  to  3 .4  grams t o t a l  f a t t y  a c id  syn­
t h e s i z e d  d a i ly *  I n  the  s p e c i f i c  c a se  o f  l i n o l e i c  a c i d  the  a v e ra g e  
in ta k e  f o r  t h i s  p e r io d  was j u s t  under 22 grams w h ile  a l i k e  amount 
was found i n  th e  y o lk s .  At th e  same t im e  app rox im ate ly  5 grams 
were l o s t  i n  th e  u r in e  and f e c e s .  This would  i n d i c a t e  a p p ro x i ­
m a te ly  55 m il l ig ra m s  e i t h e r  came from body s to r e s  or was sy n th e ­
s i z e d  d a i l y .  The body s to r e s  sou rce  was ru le d  out s in c e  s i s t e r  
hens r e c e iv in g  t h e  same t r e a tm e n t  a s  t h e s e  t e s t  hens oon tinued  to  
la y  many days a f t e r  -their body s to r e s  shou ld  have been  d e p l e t e d .
GENERAL SUMMARY
Commercial type  la y in g  hens w ere  r a i s e d  from h a tc h  through 
s i x  months o f  l a y  on a d ie th y l  e th e r  e x t r a c te d  d ie t*  E f f e c t  o f  
t h i s  d i e t a r y  regim e on hens was compared to  s i s t e r  hens r a i s e d  on 
an  i s o c a l o r i c ,  is o n i t ro g e n o u s  d i e t  c o n ta in in g  th r e e  p e rc e n t  added 
f a t  and to  hens fed  the  r e g u la r  farm l a y e r  r a t i o n  which c o n ta in e d  
f i v e  p e rc e n t  added f a t*
F e r t i l i t y  and h a t c h a b i l i t y  s tu d ie s  showed no ad v e rse  e f f e c t s  
caused  b y  th e  lo w - f a t  d ie t*  I t  was no ted  t h a t  eggs from hens on 
th e  e x t r a c t e d  d i e t  were about tw elve  hours slow er to  ha toh  th an  
were eggs from s i s t e r  hens fed  a h ighe r  f a t  c o n ta in in g  d ie t*
This d i f f e r e n c e  o f  tw elve  hours was no t n o te d  when h a tc h in g  eggs 
were s to r e d  f o r  p e r io d s  i n  excess o f  one week* The m ajor d i f f e r ­
ence i n  the  eggs s e t  as  p e r t a in s  to  f a t t y  a c id s  was i n  t h e  con­
t e n t  o f  o l e i c  and l i n o l e i c  a o id s*  The s low er h a tc h in g  eggs 
c o n ta in e d  about f i f t y - t w o  p e rc e n t  o le ic  a c i d  and s i x  p e rc e n t  
l i n o l e i o  a c i d  w hereas th e  f a s t e r  h a tc h in g  eggs c o n ta in e d  two and 
a h a l f  times as  much l i n o l e i c  a c id  and a co r resp o n d in g  d ecrease  
i n  o l e i c  a o id  so t h a t  the t o t a l  o l e i c  p lu s  l i n o l e i c  a o id  i n  bo th  
groups o f  eggs was th e  same* I f  th e  i n t e r p r e t a t i o n  o f  Needham 
(1931) o f  e a r l i e r  work o f  Eaves i s  c o r r e c t ,  th en  a h ig h e r  l e v e l  o f  
u n s a tu r a te d  f a t t y  a c id s  i n  th e  yolk  would enhance a b s o rp t io n  o f  
th e se  u n s a tu r a te s  i n t o  th e  deve lop ing  embryo* I f  i t  can  be f u r t h e r
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assumed t h a t  t h i s  f a t  i s  used f o r  energy  by th e  embryo, t h i s  could  
acc o u n t  f o r  th e  d i f f e r e n c e  i n  the tim e re q u i re d  f o r  h a t c h in g .
Growth r a t e  com parisons o f  f i r s t  g e n e ra t io n  o f f s p r in g  o f  hens 
fed  e x t r a o te d  d i e t s  and i t s  f a t - c o n t a i n i n g  c a l o r i c  e q u iv a le n t  
showed no in f lu e n c e  from th e  lo w - f a t  f e e d in g  so long a s  d i e t s  were 
i s o c a l o r i c  and i s o n i t r o g e n o u s . This i s  i n  agreem ent w i th  t h e  work 
o f  H u le t t  e t  al_ ( I 9 6 0 ) ,  who r e p o r te d  t h a t  w ith  b r o i l e r s  i s o c a l o r i c  
s u b s t i t u t i o n s  o f  f a t  f o r  c e re a l  g ra in s  d id  no t  a f f e c t  growth r a t e .
Q u a n t i ty  o f  u r in e  s e c r e t e d  d a i l y  i s  an  in d iv id u a l  c h a r a c t e r ­
i s t i c  o f  each hen and v a r ie d  from l e s s  th a n  100 grams per  day to  
amounts app roach ing  th e  h e n ’ s body w e ig h t .  The d ry  m a t te r  c o n te n t  
o f  th e  u r in e  i s  n o t  so v a r i a b l e  ra n g in g  from 3*5 grams to  12 grams 
d a i l y  w i th  an  av e rag e  o f  abou t 8 grams d a i l y .
U r in a ry  f a t t y  a c id s  v a r ie d  from a  t r a c e  to  20 mg. d a i l y  
r e g a r d l e s s  o f  d i e t  so long a s  th e  d i e t  was unchang ing . Sudden 
enrichm ent o f  th e  e x t r a c te d  d i e t  w i th  two p e ro e n t  l i n o l e i c  a o id  
caused a t h r e e  fo ld  in c r e a s e  i n  u r i n a r y  f a t t y  a c i d  e x c r e t io n  f o r  
a one day p e r io d .  Most o f  th e  in c r e a s e  was i n  l i n o l e i c  a c i d . .
The f a t t y  a c id s  r e tu rn e d  to  o r i g i n a l  in d iv id u a l  l e v e l s  by t h e  
t h i r d  day even though th e  en r iched  r a t i o n  was c o n t in u e d .  This  i n ­
c r e a s e  i n  u r in a r y  f a t t y  a c id s  f o r  th e  s h o r t  d u ra t io n  n o ted  i n d i c a t e s  
t h a t  a s h o r t  a d a p t iv e  p e r io d  i s  n e c e s s a ry  when c e r t a i n  d i e t a r y  
changes a r e  made. I t  i s  o f  i n t e r e s t  i n  t h e  p a r t i c u l a r  case  c i t e d  
t h a t  th e  in c re a s e d  in t a k e  was o f  l i n o l e i c  a c id  and  t h e  bu lk  o f  the  
in c re a s e d  u r in a r y  e x c r e t io n  was l i n o l e i c  a c i d .  This would give 
credence  to  a h y p o th e s is  t h a t  t h e r e  i s  a s p e c i f i c  enzyme system
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in v o lv ed  i n  l i n o l e i c  a c i d  m etabolism .
Eggs produced by th e  hens on th e  lo w - f a t  d i e t  were s i m i l a r  i n  
f a t t y  a o id  com position  to  t h a t  r e p o r te d  by w orkers  who had p la c e d  
t h e i r  hens on lo w - fa t  d i e t s  f o r  s h o r t  p e r io d s  fo llo w in g  an  e q u a l ly  
s h o r t  f a t  d e p l e t io n  p e r io d .  I n  view o f  t h i s ,  i t  does n o t  appea r 
t h a t  i t  i s  n eo essa ry  t o  r a i s e  ch icks  on s p e c i f i o  lo w - f a t  d i e t s  i n  
o rd e r  to  s tu d y  f a t  m etabolism  b u t  r a t h e r  th e  use  o f  r e l a t i v e l y  
s h o r t  d e p le t io n  fe e d in g  p e r io d s  seems a p p r o p r i a t e .
L in o le i c  a c id  l e v e l s  i n  th e  lo w - fa t  d i e t  eggs ave rage  5.95 
p e rc e n t  o f  t o t a l  yo lk  f a t t y  a c i d s .  This p e rce n tag e  l e v e l  was 
in c re a s e d  r e a d i l y  when hens were f e d  a l i n o l e a t e  e n r ic h e d  d i e t .
The h ig h ly  p ro d u c t iv e  la y in g  hen o f  p r e s e n t  day s ta n d a rd s  i s  a 
heavy producer o f  f a t t y  a c i d s .  Hens on av e ra g e  d a i ly  i n t a k e s  o f
0.85 grams f a t t y  a c id s  s e c r e t e d  o r  d e p o s i te d  i n  th e  y o lk  a d a i ly  
t o t a l  o f  4 .4 0  grams. With s p e o i f i o  r e f e r e n c e  to  l i n o l e i o  a c i d ,  
i t  would ap p ea r  t h a t  the  hen i s  capab le  o f  s y n th e s iz in g  a t  l e a s t  
55 m i l l ig ra m s  d a i l y .
CONCLUSIONS
The fo re g o in g  da ta  su p p o r t  th e  fo l lo w in g  c o n c lu s io n s :
1* No ad v e rse  e f f e c t s  from fe e d in g  a  " lo w - f a t” d i e t  
when compared to  an  i s o o a l o r i c ,  i s o n i t ro g e n o u s  d i e t  c o n ta in in g  
added f a t  were n o te d  when comparing r a t e  o f  growth o f  dams o r  
f i r s t  g e n e ra t io n  o f f s p r i n g ,  h a t o h a b i l i t y ,  f e r t i l i t y ,  u r in a r y  
f a t t y  a o id  e x c r e t i o n  o r  t o t a l  f a t t y  a c id  c o n te n t  o f  t h e  egg y o lk .
2 .  Low -fat d i e t s  do a f f e c t  th e  te m p la te  o f  u r i n a r y  
f a t t y  a c id s  and egg yo lk  f a t t y  a c i d s .
3 .  L in o le i c  a o id  i n  th e  egg yo lk  f a t s  p la te a u s  a t
abou t s ix  molar p e r c e n t  a s  a r e s u l t  o f  lo w - fa t  d i e t s ,  and i s  on ly
two and o n e -h a l f  t im es  g r e a t e r  i n  d i e t s  c o n ta in in g  f iv e  o r  t e n  
t im es th e  f a t  found i n  th e  lo w - f a t  d i e t .
4 .  A h ig h ly  p ro d u c t iv e  la y in g  hen s y n th e s iz e s  abou t
3 .5  grams o f  f a t t y  a c id s  p e r  day from n o n - f a t  s o u r c e s .  Of th e  
t o t a l  s y n th e s iz e d  d a i l y ,  ap p ro x im ate ly  55 m il l ig ram s  i s  l i n o l e i c  
a c i d .
5 .  W hile o n ly  s h o r t  d e p l e t i o n  feed in g  p e r io d s  a r e  i n ­
d i c a t e d ,  sudden changes i n  f a t  f e e d in g  may oause s p i l l - o v e r  i n t o  
u r in e  o f  abso rbed  f a t t y  a c id s  which s i t u a t i o n  ap p ea red  to  be 
c o r r e c t e d  w i th  a  s h o r t  a d a p t iv e  p e r io d .  I n  the  case  o f  l i n o l e i c  
a o i d ,  f o r t y - e i g h t  hours  appea red  s u f f i c i e n t .
6 .  Degree o f  t o t a l  u n s a tu r a t io n  o f  f a t t y  a c id s  i n  the
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agg y o lk  appears  c o r r e l a t e d  w ith  t o t a l  in c u b a t io n  tim e o f  eggs i n  
th o se  c a se s  where eggs a re  n o t  h e ld  lo n g e r  th an  seven days* I n  
eggs h e ld  fo u r te e n  days b e fo re  s e t t i n g ,  t h e r e  appears  to  b e  no 
c o r r e l a t i o n  between f a t  u n s a tu r a t io n  and h a tc h in g  time*
APPENDIX
I .  C o n s tru c t io n  and O pera tion  o f  75 Pound C apac ity  Fht E x t r a c to r .
I n  o rd e r  to  q u ic k ly  and e a s i l y  e x t r a c t  th e  n a t u r a l  fe e d  i n ­
g re d ie n ts  i n  s u f f i c i e n t  q u a n t i t y  to  grow out 75 to  100 p u l l e t s ,  a 
l a rg e  c a p a c i ty  e x t r a o to r  was needed . Two used l a rg e  s i z e  (approx­
im a te ly  19” x 30")  c a s t  i r o n  co ianercia l type p re s s u re  cookers were 
o b ta in e d .  These were p la ced  one to  the  s id e  o f  and above th e  
o th e r  on a two inch  a n g le  i r o n  r o l l e r  base  f ram e. A two in ch  p ip e  
from th e  top  c e n te r  o f  the  lower r e t o r t  connected in t o  th e  upper 
s id e  o f  th e  upper r e t o r t  by use  o f  a s ta n d a rd  u n io n .  This a l low ed  
easy  removal o f  the  l i d  o f  th e  lower r e t o r t  fo r  c l e a n in g .  I t  was 
a l s o  o f  s u f f i c i e n t  s i z e  to  o a r ry  th e  vaporized  s o lv e n t  from th e  
b o i l i n g  chamber or lower r e t o r t  to th e  upper chamber. An in v e r t e d  
U s iphon  tu b e  o f  T eflon  and copper s e c t io n s  connected th e  bottom 
of  the upper chamber to  th e  upper s id e  o f  th e  lower chamber*
To th e  top  c e n t e r  o f  the  l i d  of the  upper r e t o r t  was a t ta c h e d
th e  co n d en se r .  This condenser c o n s i s te d  o f  two independen t h e l i c e s
o f  3 /8  in ch  copper tu b in g  surrounded by a vapor chamber enclosed
w ith  copper s h e e t i n g .  Water from a c o n s ta n t  te m p era tu re  c o o le r
was pumped through th e  lower h e l i x .  This proved of s u f f i c i e n t
c a p a c i ty  f o r  th e  e x t r a c t o r .  As a s a f e ty  f e a t u r e  the upper h e l ix
was coo led  w ith  ta p  w a te r .  During warm w eathe r  ta p  w a te r  runs 
o
about 29 C. The w a te r  from th e  c o o le r  was m a in ta ined  a t  a p p ro x i-
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m ate ly  14 C, The upper r e t o r t  l i d  m s  h inged  i n  a d d i t io n  to  
be ing  clamped to  th e  r e t o r t *  S o lv en t  l e v e l  i n d i c a to r s  were made 
from l / 2  in c h  T e f lo n  tu b in g  and th e  n e c e ssa ry  m e ta l  elbows and 
n ip p le s  to  a t t a c h  th e s e  i n d i c a to r s  t o  t h e  r e t o r t  s id e s*  A l l  a t t a c h ­
ments to  th e  r e t o r t s ,  w i th  th e  e x c e p t io n  o f  the  l i d s  and h e a t in g  
u n i t s ,  were a rc -w e ld ed  a t  t h e  L ou is iana  S t a t e  U n iv e rs i ty  P o u l t ry  
Farm Shop* Two enc lo sed  elem ent ho t p l a t e  type  l a b o ra to r y  h e a t e r s  
o f  1500 w a t t  c a p a c i ty  each were p la ced  a g a i n s t  the  bottom o f  th e  
b o i l i n g  chamber and s e t  f o r  medium heat*
To charge  th e  e x t r a c to r  i n i t i a l l y ,  the  fo llo w in g  s te p s  a r e  
recommended i
1* Remove l i d  from upper r e t o r t  (Swing back)*
2* P lace  app rox im ate ly  75 pounds o f  m a te r ia l  to  be ex­
t r a c t e d  i n  a  t i g h t l y  woven m uslin  sack* Tie and p lace  i n  upper 
chamber, making su re  sack  and c o n te n ts  do n o t  ex tend  above upper 
bend o f  s ip h o n  tube* To a d j u s t  s ip h o n  tu b e  f o r  l e s s  s i z e ,  m ere ly  
lo o sen  clamps and r a i s e  o r  lower copper U tube  i n  th e  T e f lo n  tubes* 
3* Pour s o lv e n t  over f e e d s t u f f  u n t i l  s iphon ing  occurs*  
Continue add ing  s o lv e n t  u n t i l  th e  d e s i r e d  LOWER le v e l  i s  reached  
i n  th e  b o i l i n g  chamber* This sh o u ld  be marked on th e  s o lv e n t  i n ­
d ic a to r*  When s ip h o n in g  i s  oom plete , mark th e  upper s o lv e n t  l e v e l  
i n  th e  b o i l i n g  chamber* Add a d d i t i o n a l  s o lv e n t  u n t i l  chamber i s  
about l / 3  f u l l *  S o lv e n t  shou ld  b e  poured through t h e  f e e d s t u f f  as 
i t  i s  d i f f i c u l t  to  e s t im a te  th e  amount o f  s o lv e n t  t h a t  any p a r t i ­
c u la r  b a tc h  of feed  w i l l  a b s o rb .  At am bient te m p e ra tu re ,  e x t r a c te d  
fe e d  u s u a l l y  h e ld  *25 to  *30 pounds d i e th y l  e th e r  per pound o f  feed*
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This was e a s i l y  removed by a i r  d ry in g  f o r  tw elve  h o u rs .
4* A f te r  s e c u r in g  th e  l i d  and checking  the  flow  o f  coo l 
w a te r  th rough  the  co n d en se r ,  th e  h e a t  shou ld  be tu rned  o n .  R ate  
o f  s ip h o n in g  shou ld  be app rox im ate ly  once per  hour and t h e  ex­
t r a c t o r  o p e ra ted  tw e n ty - fo u r  hours a f t e r  w hich i t  i s  tu rn e d  o f f  
and a l low ed  to  cool f o r  tw elve  hours b e fo re  th e  e x t ra c te d  feed  i s  
removed.
5 .  S e v e ra l  ba tches  o f  feed  may be  e x t ra c te d  w i t h  only  
the  a d d i t i o n  of s o lv e n t  to  r e p la o e  t h a t  abso rbed  and removed by 
p r i o r  b a tch es  o f  f e e d .  When th e  e th e r  beoomes h e a v i ly  s a tu r a t e d  
w ith  l i p i d  m a t e r i a l ,  i t  i s  d i s t i l l e d  to  t h e  upper chamber. The 
lower chamber l i d  i s  removed and the o i l y  r e s id u e  removed. Use 
o f  sm a l l  p ie ces  o f  copper tu b in g  f o r  b o i l i n g  ch ips  w i l l  a l s o  he lp  
keep down perox ide  fo rm a t io n s .
To cheok on com pleteness o f  e x t r a c t i o n ,  s e v e r a l  two gram 
samples o f  th e  m a te r i a l  to  b e  e x t r a c t e d  w ere p laoed  i n  paper en­
ve lops  a s  though b e in g  p rep a red  fo r  r e g u la r  S o x h le t  e x t r a c t io n *
One h a l f  o f  th e  samples were e x t r a c t e d  by t h e  co n v en t io n a l  AOAC 
S o x h le t  Method; th e  o th e r  h a l f  o f  th e  samples were i n d i v i d u a l l y  
p la ced  i n  f i l t e r  paper envelops and s c a t t e r e d  th roughou t a 75 
pound ba toh  p r i o r  to  e x t r a c t i o n .  A f te r  th e  e x t r a c t i o n  p e r io d  o f  
tw en ty -fo u r  h o u rs ,  t h e s e  samples w ere a i r - d r i e d  and th e  o u te r  
paper envelops d i s c a r d e d .  The sample c o n ta in in g  envelops were 
then  p la ced  i n  a vacuum d e s ic c a to r  a long  w ith  th o se  samples which
were e x t r a c t e d  i n  th e  r e g u la r  S o x h le t  e x t r a c t o r .  Samples were
o
d r ie d  f o r  t e n  hours a t  70 C. under f u l l  a s p i r a t o r  vaouum (w ater
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te m p era tu re  2S C . ) .  Comparisons o f  t o t a l  w e ig h t  lo s s  o f  samples 
p laoed  i n  th e  b ig  e x t r a c t o r  w ith  t h e  sum of w a te r  lo s s  p lu s  f a t  
e x t r a c te d  by way o f  th e  c o n v e n t io n a l  method i s  shown i n  Table XX* 
I t  i s  f e l t  t h a t  th e  sm a l l  b u t  c o n s i s t e n t  in c r e a s e d  w eigh t lo s s  o f  
samples p lao ed  i n  th e  l a r g e  e x t r a c t o r  was due to  lo s s  o f  a sm all  
amount o f  w a te r  s o lu b le  m a te r ia l s *  These m a te r i a l s  cou ld  have 
been removed due to  f lu s h in g  a c t i o n  o f  t h e  e t h e r  and c e r t a i n  
h y d ro p h y ll io  l i p i d s  which were b e ing  removed*
TABLE XX
COMPARISON OF LARGE EXTRACTOR WITH GLASS SOXHLET EXTRACTOR 
AVERAGE OF FOUR SAMPLES EACH




P ercen tage  T otal 
F a t  Los8
S o x h le t  Prooedure 7.64 3.67 11.31
la rg e  E x t ra c to r 11.85
Use o f  S oxh le t  F a t 
E x t ra c te d  th e n  i n  
Vaouo0f o r  10 h r s .  
a t  70 C. 11.79
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H . S u rg ic a l  M o d if ic a t io n s  o f  Hens.
The e x t e r i o r i z e d  rectum  m o d i f ic a t io n  te c h n iq u e  used was 
b a s i o a l l y  t h a t  o f  Dixon (1958) as  m odified  by  Keene and R ichardson  
(1961 ) .
This o p e r a t io n  can e a s i l y  be perform ed by one person  i n  about 
t h i r t y  m in u te s .  I t  i s  however, b e t t e r  t o  have a s s i s t a n c e  f o r  t h e  
a n e s th e t i c  a d m in is t r a t io n *
The fo llo w in g  d e t a i l s  on t h i s  te ch n iq u e  were found u s e f u l :
When th e  o p e ra t io n  i s  performed by one p e r s o n ,  bo th  le g s  
o f  t h e  hen a r e  i n i t i a l l y  s e c u r e ly  t i e d .  A hypodermic sy r in g e  u s in g  
a 1^ in c h  No. 20 need le  i s  f i l l e d  w ith  approx im ate  1 .0  m l.  o f  Pen- 
t o b a r b i t o l  s o l u t i o n .  This m a te r i a l  ap p ea rs  e x c e l l e n t  f o r  s u r g i c a l  
a n e s th e s i a  o f  p o u l t r y ;  how ever, th e  l e t h a l  dose i s  c lo s e  to  th e  
a n e s t h e t i c  d o se ,  so c a re  must be ta k e n  n o t  to  over a n e s th e t iz e *
P laoe  th e  hen on i t s  back on a t a b l e ,  w ith  th e  h e n ’s head to  th e  
r i g h t  o f  th e  o p e r a to r .  By p re s s in g  th e  hen a g a i n s t  th e  o p e r a to r  
w i th  t h e  l e f t  hand which i s  a l so  h o ld in g  th e  h en ’s r i g h t  wing i n  
an ex tended  p o s i t i o n ,  in t ra v e n o u s  i n j e c t i o n  o f  th e  a n e s t h e t i c  can 
be made. I n  t h i s  p o s i t i o n  th e  vena r a d i a l i s  as i t  c ro s se s  o u ts id e  
th e  r a d iu s  bone and a long  th e  humerus i s  v i s i b l e  and e a s i l y  a t t a i n ­
a b l e .  I n j e c t  th e  a n e s t h e t i c  s lo w ly ,  a t  abou t .1 ml* per f iv e  
sec o n d s .  The h e n ’ s eyes s t a r t  b l i n k in g  and u s u a l ly  th e  head becomes 
re la x e d  a f t e r  i n j e c t i o n  o f  *4 m l.  o f  a n e s t h e t i c .  As soon as  th e  
head d ro p s ,  s top  f u r t h e r  i n j e c t i o n  as  t h i s  u s u a l l y  i s  s u f f i c i e n t  
a n e s th e t i c  to  c a r ry  through a t h i r t y  m inute o p e r a t i o n .  The nex t
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im p o r ta n t  s te p  i s  to  h o ld  th e  h e n 's  head h igh  w h i le  th e  hen i s  on 
i t s  back , whioh i s  th e  d e s i r e d  p o s i t i o n  fo r  t h i s  o p e ra t io n *  A 
p a i r  o f  tow el clamps hooked through t h e  n a sa l  openings on the  
b i r d ' s  beak ,  w h ile  th e  clamps a r e  h e ld  by s t r i n g  t o  t h e  to p  o f  a 
s ta n d a rd  U-based l a b o ra to r y  s t a n d ,  i s  very  s a t i s f a c t o r y *  The 
U-base a l s o  h e lp s  hold  t h e  hen on i t s  back .  Remove a l l  f e a t h e r s  
from th e  abdominal a r e a  up p a s t  th e  v en t to  t h e  prim ary t a i l  
f e a t h e r s .  Removal o f  a l l  th e s e  f e a t h e r s  i s  n o t  n ece ssa ry  f o r  th e  
o p e r a t io n  b u t  a id s  a t  a l a t e r  d a te  when c o l l e c t io n s  o f  u r in e  a re  
made*
P u l l  th e  f r e e  end o f  the  l a rg e  i n t e s t i n e  th rough  t h e  i n c i s i o n  
and u s in g  abou t s i x  o r  e i g h t  independen t s t i t c h e s  a t t a c h  t h e  p e r i ­
to n e a l  membrane t o  th e  gut abou t one CM a n t e r i o r a l l y  from end ing ; 
t h e n ,  s t i t o h  th e  p o s t e r i o r  end to  the o u ts id e  s k in  u s in g  eigjrt 
s i n g l e  s t i t c h e s *  The open wound shou ld  be covered w i th  an  o i l  base  
s a lv e  c o n ta in in g  a  l o c a l  a n e s t h e t i o ,  a  a n t i b i o t i o  and a  germ icide* 
The h e a l in g  a r e a  must be checked d a i ly *  Since t h i s  wound never 
c o m p le te ly  h e a l s ,  s c a r  t i s s u e ,  mucous c o a t in g s  and scabs must be 
removed as  a b u i ld -u p  w i l l  s to p  passage o f  f e c e s .  The i d e a l  i s  t o  
keep p a r t  o f  th e  gu t mucosa exposed . Should the  jo i n in g  a r e a  r e -  
t r a o t  w i th i n  th e  abdomen, a  mucosal s h ea th  grows r a p i d l y  and i n  l e s s  
th a n  tw en ty -fo u r  hours th e  passage  o f  f e o a l  m a te r ia l  i s  a l s o  h a l t e d .  
J u d ic io u s  use o f  th e  s c a lp e l  may c o r r e c t  t h i s .
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I I I .  C o l l e c t io n  o f  Urine and Feces from M odified Hens*
Four methods o f  c o l l e c t i o n s  o f  excrement were employed du ring  
t h i s  s tu d y .  A ll  fo u r  have c e r t a i n  d isad v an tag es  and cou ld  n o t  be 
c o n s id e re d  th e  method o f  ch o ice  f o r  experim ents  o f  ex tended  dura­
t i o n .  A l l  f o u r  appea red  to  be s a t i s f a c t o r y  f o r  tw en ty -fo u r  to  
f o r t y - e i g h t  hour c o l l e c t i o n s .
Any ty p e  h a rn e ss  which i s  used to  f a s t e n  a u r in e  c o l l e c t i o n  
b o t t l e  to  a hen must n e c e s s a r i l y  r e s t r i c t  k e e l  bone movement.
T h i s ,  i n  t u r n ,  w i l l  a f f e c t  r e s p i r a t i o n  whioh i n  t u r n  w i l l  have 
f u r t h e r  e f f e c t s .  I t  ap p ea red  t h a t  making a harness  w ith  a  r i g i d  
member fo l lo w in g  th e  h e n 's  back  which i s  more o r  l e s s  r i g i d  would 
be v e ry  d e s i r a b l e .  A w ire  frame h a rn ess  w ith  padded b r e a s t  p l a te s  
proved s a t i s f a c t o r y .  The back p ie c e  was a d ju s t e d  to  in d iv id u a l  
hens bo th  f o r  c u r v a tu r e ,  le n g th  and w id th .  E s p e c i a l l y  im p o r ta n t  
i s  th e  t a i l  p ie c e  which must be a d ju s t e d  f o r  w id th  t o  f i t  j u s t  
a n t e r i o r i l y  to  th e  p y g o s ty le .  The le n g th  o f  th e  t a i l  p ie ce  arms 
to  the  end hooks i s  th e  c o n t ro l  f a c t o r  i n  m a in ta in in g  c o r r e c t  
a t t i t u d e  o f  th e  u r in e  c o l l e c t i o n  b o t t l e .  The c o l l e c t i o n  b o t t l e  
was a  400 m l .  p l a s t i c  screw cap b o t t l e  w i th  t h e  bottom c u t  ou t 
and shaped f o r  each h e n .  The screw cap a l low ed  u r in e  c o l l e c t i o n  
w ith o u t  removing th e  b o t t l e  from th e  hen .
No a t ta o h e d  c o l l e c t i o n  devioe  was used  to  c o l l e c t  f e c e s .
Feoes can  be c o l l e c t e d  i n  a shallow  pan c o n ta in in g  b o r i c  a c id  
s o l u t i o n  o r  f r e q u e n t ly  sc rap ed  from a  p l a s t i c  drop p a p e r .
The fo l lo w in g  l i s t e d  systems were u t i l i z e d  f o r  u r in e  and
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f e c e s  c o l l e c t i o n s .  A ll  systems can be used f o r  q u a n t i t a t i v e  
c o l l e c t i o n s  and q u a n t i t a t i v e  d a ta  on feed  and w a te r  consum ption.
SYSTEM A
Use o f  th e  above mentioned h a rn ess  and u r in e  c o l l e c t i o n  b o t t l e  
w ith  hen co n f in e d  to  cage which den ies  her  tu rn in g  a b o u t .  Feces 
i s  o o l l e o te d  i n  a drop pan.
This system worked f o r  some hens f o r  t h r e e  days and f o r  o th e rs  
l e s s  than  tw e n ty -fo u r  hours were r e q u i r e d  to  ta k e  them o f f  normal 
fe e d  and w a te r  consum ption. Not a  recommended system  ex cep t f o r  
e s p e c i a l l y  s e l e c t e d  h en s .  May no t  be t r u l y  r e p r e s e n t a t i v e .
SYSTEM B
Use o f  th e  u r in e  c o l l e c t i o n  h a rn ess  and b o t t l e  w ith  hens k ep t  
i n d i v i d u a l l y  i n  r e g u la r  l a rg e  s i z e  b r o i l e r  b a t t e r i e s  (n o t  brood­
e r s ) .  A p l a s t i c  s h e e t  covered  th e  d ropping  pan .  Feces was 
sc rap ed  up every  t h r e e  hours and p laced  i n  ho ld ing  c o n t a i n e r .
This method i s  s u p e r io r  to  SYSTEM A i n  t h a t  more hens w i l l  adap t  
to  i t .  A lso ,  hens can t o l e r a t e  th e  h a rn ess  much lo n g e r .  Three 
b i r d s  were k e p t  i n  harness  i n  t h i s  method f o r  th r e e  weeks w i th o u t  
ev id en c in g  a n o t i c e a b le  w e ig h t  change. Due to  freedom  o f  movement, 
v ery  l i t t l e  t r o u b l e  shou ld  be ex p erienced  w ith  f r e s h ly  m od ified  
hens •
SYSTEM C
Same a3 SYSTEM B excep t no u r in e  c o l l e c t i o n  b o t t l e  nor h a rn ess  
i s  u sed .  C o l le c t io n s  a r e  made h o u r ly .  I f  made h o u r ly ,  t h e r e  i s
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l i t t l e  or no mixing o f  excrement* U rine i s  e a s i l y  p icked  up w ith  
a  bulb  sy r in g e  and f e c e s  a r e  sc raped  o f f  p l a s t i c  drop sh ee t*  I f  
th e  hum idity  i s  k e p t  h ig h  i n  the an im al room, no problem occurs  
w ith  e v a p o ra t io n  o f  u r in e *  SYSTEM C i s  a k i l l e r  f o r  one pe rso n  
e s p e c i a l l y  i f  long c o l l e c t i o n  p e r io d s  a r e  d e s i r e d ;  however, i t  
has th e  advan tage  t h a t  th e  hen i s  c l o s e r  to  a n a t u r a l  s t a t e  th a n  
th e  o th e r  sy s tem s . A ls o ,  any hen  t h a t  fu n c t io n s  p ro p e r ly  a f t e r  
m o d i f ic a t io n  f i t s  w e l l  i n t o  t h i s  scheme. I t  i s  the  method o f  
ch o ice  i n  c a se s  where experim ents  have begun u s in g  o th e r  system s 
and th e  hen s t a r t s  o f f  feed*
SYSTEM D
This system  i s  th e  a u t h o r ’ s ch o ice  o f  systems f o r  a t h r e e  
day c o l l e c t i o n  from o th e r  th a n  newly m od if ied  b i r d s .
The b i r d s  a r e  p laced  in d i v i d u a l l y  i n t o  cages narrow enough to  
p re v e n t  t h e  hen from tu r n i n g  around* S ides  o f  cage a r e  most s a t ­
i s f a c t o r y  i f  made o f  t i n .  B ird s  oannot craw l up th e  s id e  nor can 
th e y  g rasp  s id e s  when b e in g  p lao ed  in  th e  c a g e .  Forward movement 
i s  l im i t e d  to  t h r e e  o r  f o u r  i n c h e s 0 Feed and w a te r  c o n ta in e r s  
a r e  p laoed  i n  f r o n t  o f  eaoh b i rd *  The drop board  i s  s lo p in g  a f t  
w i th  a t  l e a s t  a one in c h  drop per  one f o o t  run* Drop a re a  under 
eaoh b i r d  i s  covered  w ith  a p ie c e  o f  heavy p l a s t i c .  A p l a s t i o  
s h e e t  hangs behind  each hen a s  some m o d if ied  hens v o id  u r in e  w i th  
en e rg y .  The p l a s t i o  i s  drawn up i n  th e  back  to  form a channel 
w hich g u ides  th e  l i q u id s  tow ard  a q u a r t  j a r .  S ince  i n  the  m o d if ied  
h en ,  th e  f e c e s  and  u r in e  a r e  v o ided  s e p a r a t e l y ,  th e y  w i l l  a l s o
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drop to  t h e  drop board  s e p a r a t e l y .  The drop b o a rd s  were s c ra p e d  
o le an  h o u r ly *  A t h i n  s p a tu l a  was u sed  to  p ic k  up th e  feo e s*  
U rine must a l s o  be s c ra p e d  a f t  as  th e re  i s  much u r in a r y  m a te r i a l  
t h a t  te n d s  to  p r e c i p i t a t e  soon a f t e r  b e in g  voided* By keep ing  
th e  room hum id ity  h ig h ,  no problem was enco u n te red  w i th  evapora­
t io n *
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IV# E x t r a c t i o n  o f  F a t t y  Acids
F a t t y  a c id  e x t r a c t i o n  was performed a f t e r  th e  manner o f  Young 
(1961) w ith  m o d if ic a t io n s#  D iscussed  herew ith  i s  th e  com plete 
p rocedure  a s  m od ified  by th e  a u t h o r .
For dry  o r  n o n f lu id  m a t e r i a l s ,  weigh o u t  sample and  put i n t o  
a  250 m l.  ground g la s s  top  Erlem eyer f l a s k #  Add ap p ro x im ate ly  
20 m l.  o f  95 p e rc e n t  e th an o l  pe r  gram d ry  w e ig h t  o f  sample# To 
t h i s ,  add 1 ml# o f  50 p e rc e n t  KOH per gram dry  m a t t e r .  Add a few 
drops o f  methyl orange i n d i c a t o r  and b o i l i n g  c h ip s .
For l i q u i d  samples such as  hen u r i n e ,  mix sample th o ro u g h ly  
u s in g  m echanical b le n d e r#  Add a l i q u o t  c o n ta in in g  a t  l e a s t  two 
grams d ry  w eigh t to  Erlenmeyer# Depending on c o n c e n t r a t io n  o f  
d ry  m a t t e r ,  a l a r g e r  Erlenmeyer f l a s k  may have to  be u s e d .  A lso ,  
add a p ro x im a te ly  5 ml# a l i q u o t  to  aluminum w eigh ing  and d ry in g  
d ish  f o r  d ry  w eigh t d e te rm in a t io n .  Add e th a n o l  and KOH s o l u t i o n  
as  f o r  d ry  sample#
R ef lu x  f o r  one hour# Remove from h e a t ,  p la ce  i n  i c e  b a th  fo r  
r a p id  c o o l in g  and wash down s id e s  w i th  ap p ro x im a te ly  20 ml# o f  
w ate r#
When c o o l ,  f i l t e r  th rough  Buchner. Wash w ith  e th a n o l-w a te r  
s o l u t i o n  and n o t  w i th  w a te r  a lo n e ;  then  wash w i th  25 to  50 m l. 
p e tro leum  e th e r#  T ra n s fe r  f i l t r a t e  to  s e p a r a to r y  funne l  and mix 
g e n t ly .  When s e p a r a t io n  i s  com ple te ,  draw o f f  a lo o h o l -w a te r  l a y e r  
i n t o  500 m l. beaker and th e  pe tro leum  e th e r  l a y e r  i n t o  250 m l.  
wide mouth Erlenmeyer f l a s k .  Pour the a lc o h o l -w a te r  s o l u t i o n  baok
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i n t o  th e  s e p a r a to r y  f u n n e l ,  r e p e a t  w ashing  w ith  f r e s h  petro leum  
e t h e r  u n t i l  ab o u t 200 m l. o f  pe tro leum  e th e r  has been  c o l l e c t e d .  
This i s  th e  n o n - s a p o n i f ic a b le  f r a c t i o n *
A c id i fy  a lo o h o l-w a te r  m ix tu re  w ith  c o n c e n t ra te d  h y d ro c h lo r ic  
a o id  t o  ap p ro x im ate ly  pH 1* The m ethyl orange i n d i c a t o r  i s  s a t ­
i s f a c t o r y  s in c e  i t s  c o lo r  change occurs  around  pH 3*0* P ass ing  
th e  end p o in t  a  sm a ll  amount w i l l  g ive  d e s i r e d  pH.
R epea t  washing w i t h  pe tro leum  e t h e r  i n  manner as  above . This 
w i l l  y i e l d  th e  f a t t y  a c i d  f r a c t io n *
o
P la c e  t h e  p e tro leum  e th e r  s o l u t i o n s  i n  a 50 C. sand ba th*
Blow o f f  pe tro leum  e th e r  g e n t ly  w ith  u se  o f  a i r  pump u n t i l  ab o u t  
50 ml* remains* Add anhydrous Na^SO^ c r y s t a l s  to  the  warm s o lu ­
t i o n ,  s w i r l ;  th e n ,  c o n t in u e  on sand b a th  an d  remove a l l  b u t  abou t 
10 ml* pe tro leum  e th e r*  The amount o f  NagSO^ needed w i l l  be d e t e r ­
mined by how much w a te r  i s  i n  th e  f la s k *  I f  no w a te r  i s  p r e s e n t ,  
u se  v e ry  l i t t l e  NagSO^* But enough must be used to  p ic k  up a l l  
w a te r  •
P rep a re  f i l t r a t i o n  fu n n e ls  a s  fo l lo w s :  ( a )  a t t a c h  stem to
hose le a d in g  to  a  w a te r  a s p i r a t o r ;  ( b ) h o ld  fu n n e l  u p r i g h t ,  s t u f f  
sm all  wad o f  g la ss  wool in t o  fu n n e l ;  (o )  cover w ith  5 to  10 grams 
NagSO^; (d )  remove from a s p i r a t o r  hose and p la c e  i n  fu n n e l  r a o k .
The rem ain ing  pe tro leum  e th e r  m ix tu re  i s  poured th rough  a 
f i l t r a t i o n  funne l i n t o  a t a r e d  beaker*  Wash a l l  m a te r ia l  from 
th e  250 m l.  Erlenmeyer in t o  fu n n e l  w i th  f r e s h  pe tro leum  e th e r*
This shou ld  a l low  o n ly  pe tro leum  e th e r  and d is s o lv e d  l i p i d  mat­
e r i a l s  to  pass  th ro u g h  in to  th e  b e a k e r .  The beakers  a r e  then
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p la ced  on th e  sand b a th  u n t i l  most o f  th e  pe tro leum  e th e r  i s  r e ­
moved* Beakers a r e  removed from sand b a th ,  w iped o le a n  on o u t ­
s id e  w i th  c le a n  tow el and p la ced  i n  vacuum d e s ic c a to r*  Here
o
minimum time sh o u ld  be s i x  hours a t  40 C. under f u l l  w a te r  a s ­
p i r a t o r  vacuum* The w a te r  t r a p  and th e  HgSO^ t r a p  between th e  
a s p i r a t o r  and the  d e s io c a to r  sh o u ld  be  i n  proper c o n d i t io n ,  
t h a t  i s ,  th e  w a te r  t r a p  empty and th e  HgSO^ t r a p  charged  w ith  
f r e s h  HgSO^
A f te r  d ry ing  and c o o l in g ,  th e  b eak e rs  a re  weighed* The n e x t
s t e p  i s  to  wash o u t  the l i p i d  m a te r ia l  w i th  pe tro leum  e th e r*  At
t h i s  s t e p ,  th e  f a t t y  a c id s  were saved and th e  n o n - s a p o n i f ia b le
f r a c t i o n  was d iscarded*  G ently  s w i r l  the  pe tro leum  e t h e r  i n  th e
beaker*  Warm to  40° C. to  in s u r e  t h a t  a l l  t h e  s a t u r a t e d  f a t t y
a c id s  a r e  d is so lv ed *  Handle t h e  b eakers  s p a r in g ly ,  p r e f e r a b ly
w ith  tongs and a f t e r  removing th e  l i p i d  m a t e r i a l ,  r e tu r n  b eak e rs
o
to  vaouum d e s ic c a to r *  Dry a t  60 C. f o r  two hours a t  f u l l  vacuum* 
Cool and weigji. The d i f f e r e n c e  between t h i s  l a s t  w e igh t  and the  
w e ig h t  b e fo re  w ashing o u t  was used as th e  t r u e  w e igh t o f  th e  ex­
t r a c t e d  f a t t y  a c i d s .  S to re  the  f a t t y  a c id s  i n  pe tro leum  e th e r  
under r e f r i g e r a t i o n *
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V. M e th y la t io n  o f  P a t ty  Aoids
F a t t y  a o id s  were m e th y la ted  by a m o d i f ic a t io n  o f  the  scheme 
o f  Radin  e_t a l  ( i 9 6 0 ) .  From th e  p o in t  o f  view o f  equipment 
needed , tim e consumed and m a te r i a l  to  be m e th y la te d ,  t h i s  t e c h ­
n ique  was very  s a t i s f a c t o r y .  Most o f  th e  equipment used  i n  th e  
s e p a r a t io n  and c o l l e c t i o n  o f  f a t t y  a c id s  was used i n  t h i s  methy­
l a t i o n  p ro c e s s .
F a t ty  a o i d s ,  d is s o lv e d  i n  pe tro leum  e t h e r  and s to r e d  under
o
r e f r i g e r a t i o n ,  were warmed t o  ap p ro x im a te ly  40 C. and co n te n ts  
o f  b o t t l e s  poured i n t o  50 to  100 m l,  Erlenmeyer f l a s k s .  Small 
q u a n t i t i e s  o f  pe tro leum  e th e r  were used f o r  r i n s i n g .  The con­
t e n t s  w ere reduced  t o  dryness b y  one o f  two m ethodsi ( l )  th e  
e a s i e s t  method was to  make t h i s  t r a n s f e r  j u s t  p r i o r  to  th e  end 
o f  th e  w orking  day, th e n  p la c e  the  Erlenmeyer f l a s k s  i n  th e
e l e c t r i c a l l y  hea ted  vacuum d e s ic o a to r  o v e r n ig h t .  On o v e rn ig h t
o
runs th e  te m p e ra tu re  was s e t  a t  30 C . ,  f u l l  w a te r  vacuum and
and HgSO^ w a te r  t r a p  was b y -p a s s e d .  The fo l lo w in g  working day , 
th e  f a t t y  a c id s  were re a d y  f o r  u se ;  (2 )  i f  tim e was more im­
p o r t a n t ,  th e  pe tro leum  e th e r  was removed by  h e a t in g  the f l a s k s  
i n  a sand b a th  and blow ing o f f  th e  pe tro leum  e t h e r  w ith  a i r  
u n t i l  a lm o s t  d ry ,  then  u s in g  Ng gas to  complete d ry n ess .
To one gram o f  f a t t y  a c id  i n  th e  sm all Erlenmeyer f l a s k  i s  
added 2 m l, a b so lu te  m ethanol and th e  f l a s k  s w i r l e d .  To t h i s  
m ixture  i s  added 0 ,2  m l, c o n c e n tra te d  h y d ro c h lo r ic  a c id  and 
c o n te n ts  a g a in  mixed. To t h i s  m ix tu re  i s  added  5 ml, o f  2-2
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dimethoxypropane and th e  c o n te n ts  s w i r le d  u n t i l  a l l  f a t t y  a c id s  
a r e  i n  s o l u t i o n .  P ro p o r t io n a l  amounts may be used f o r  s m a l le r  
samples bu t  due to  d i f f i c u l t y  o f  d iv id in g  0 .2  m l. h y d ro c h lo r ic  
a c i d  much s m a l le r  th e s e  amounts w ere used even f o r  t r a c e  t o  5 mg. 
sam ples .  S te a r i c  a c id  a lone  u s u a l l y  tak es  fo u r  or f i v e  m inutes 
b e fo re  i t  d i s s o lv e s  i n  mormal room te m p e ra tu r e .  Do n o t  h e a t  t h i s  
m ix tu re .  A f te r  a l l  f a t t y  ac id s  a r e  i n  s o l u t i o n ,  cork  th e  f l a s k  
and s e t  a s id e  fo r  one hour.  A f te r  one h o u r ,  wash th e  c o n te n ts  of 
th e  f l a s k  i n t o  a s e p a ra to ry  fu n n e l  w ith  25 m l. o f  petro leum  e t h e r .  
Add ap p ro x im ate ly  50 m l.  w a te r  to  th e  fu n n e l  and mix s l i g h t l y .
The m ethyl e s t e r s  w i l l  move to  th e  pe tro leum  e th e r  phase and any  
r e s id u e s  w i l l  move to  t h e  w a te r  p h ase .  A f te r  s e p a r a t io n  th e  
petro leum  e t h e r  phase i s  d r ie d  by t h e  most e x p e d i t io u s  method p r e ­
v io u s ly  m entioned . Here a g a in  th e  o v e rn ig h t  vacuum d e s ic c a to r  i s  
th e  method o f  c h o ic e ;  however, be su re  to  by -pass  th e  HgSO^ t r a p .  
I n  a l l  cases  where the  t r a p  was l e f t  i n  th e  vacuum l i n e ,  the  
methyl e s t e r s  were con tam ina ted  by a brow nish m a t e r i a l .  While 
t h i s  d id  no t  show up on the  g a s - l i q u id  chrom atography, i t  d id  
a f f e c t  y i e l d s .  I f  i t  was d e s i r e d  to  check y i e l d ,  th e  HgSO^ t r a p  
was r e i n s e r t e d  in t o  the  vacuum l i n e  a f t e r  o v e rn ig h t  d ry in g  i n  the  
d e s i c c a t o r .  Y ields  were checked only  by g rav im e tr io  methods b u t  
i n  th e se  ca se s  were w i th i n  two p e rc e n t  o f  p robab le  f o r  a l l  f a t t y  
a c id s  checked .
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